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PREFACE 


This  manual  is  the  outgrowth  of  a  demand  felt  during 
several  years  of  teaching  urine  analysis  and  aims  to  present 
in  a  concise  manner  the  more  important  chemical,  micro¬ 
chemical,  and  microsco})ic  methods  now  in  general  use.  It  is 
not  intended  as  a  complete  text-book  or  treatise  on  the  sub¬ 
ject.  If  one  wishes  to  pursue  the  subject  further,  he  is  ad¬ 
vised  to  consult  the  larger  works  on  physiologic  chemistry. 

The  course  as  given  at  the  Massachusetts  College  of 
Pharmacy  covers  a  period  of  sixteen  weeks,  and  the  manual 
is  arranged  so  as  to  provide  the  necessary  laboratory  work. 

The  more  important  determinations  made  in  a  routine 
examination  of  urine  have  been  repeated  in  condensed  form 
in  the  final  chapter,  in  order  to  bring  them  all  together  for 
ready  reference  by  the  analyst. 

The  author  desires  to  express  his  sincere  thanks  to  Dr. 
Howard  H.  Smith  for  his  criticisms  and  suggestions,  and  also 
to  the  librarian  of  the  College,  Miss  Ethel  J.  Heath,  who  has 
rendered  many  invaluable  services  throughout  the  prepara¬ 
tion  of  the  manual. 

Florin  J.  Amrhein. 


Boston,  Mass., 
March,  1^24. 
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Manual  of  Urine  Analysis 


Chapter  I 

INTRODUCTION 

The  urine  as  eliminated  l)y  a  healthy  individual  under 
normal  conditions  is  a  watery  solution  of  simple  inorganic 
substances  and  complex  organic  substances.  The  urine  is 


Kjjcrcnl  vessel 


A Jfercnl  vessel 


Vascular  glomerulus 

Boumau’s  capsule- 

'Uriiiiferous  tubule 
Fig.  1. — Diagrammatic  rei)resentation  of  a  malpighian  corjiuscle. 


secreted  within  the  walls  of  the  kidneys  by  the  glomeruli  of 
the  malpighian  corpuscles  and  excreted  by  the  uriniferous 
tubules.  The  office  of  the  malpighian  corpuscles  in  the  pro¬ 
duction  of  urine  is  an  imiiortant  one,  as  shown  by  the  fact 
that  in  most  diseases  of  the  kidney  in  which  there  is  an  alter¬ 
ation  in  the  amounts  of  solid  and  watery  substances  elimi¬ 
nated  the  lesions  are  usually  found  in  these  bodies  (Fig.  Ij. 
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The  malpighian  corpuscles  with  their  glomeruli  appear  as 
structures  containing  numerous  convoluted  capillaries  and 
countless  numbers  of  epithelia  whose  function  seems  to  be 
that  of  a  filtering  agent.  These  glomeruli  separate  from  the 
blood  the  watery  and  solid  waste  products  produced  by  the 
metabolism  of  ingested  foods  by  a  process  involving  a  com¬ 
bination  of  dialysis,  osmosis,  and  selective  action  of  the  cells. 

The  glomeruli,  therefore,  not  only  separate  the  water  and 
solid  material  from  the  blood  but  also  separate  the  crystal- 
loidal  substances  from  the  colloidal  substances.  For  ex¬ 
ample,  urea  occurs  normally  in  the  blood,  and  physically  it 
is  a  crystalline  solid  or  a  crystalloidal  substance;  if  the 
glomeruli  are  functionating  in  a  normal  manner,  the  urea  is 
dialyzed  from  the  blood  to  the  urine  and  is  found  in  the  urine 
in  normal  amounts.  We  also  find  in  the  blood,  serum  albumin 
and  other  closely  related  substances;  these  are  colloidal  in 
structure,  and  under  normal  conditions  the  glomeruli  do  not 
allow  these  substances  to  find  their  way  into  the  urine. 
The  glomeruli  act  in  a  manner  similar  to  a  parchment  dial- 
yzer,  retaining  the  colloidal  substances  and  allowing  only  the 
crystalloidal  substances  to  pass  through  their  structure.  If 
the  epithelial  cells  of  the  glomeruli  are  diseased  they  lose 
their  osmotic  power,  so  that  the  colloidal  substances  fintl  their 
way  into  the  urine  and  may  readily  be  detected  by  chemical 
means,  their  presence  indicating  an  abnormal  condition. 

d'he  mal])ighian  corpuscles  or  bodies  are  found  in  countless 
numbers  in  the  cortical  i)art  of  the  kidney,  these  bodies 
secreting  the  urine  from  the  cortical  substance  of  the  kidney, 
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and  then  it  passes  through  the  collecting  tubules  to  the 
ureter. 

The  uriniferous  tubules  commence  in  the  malpighian  cor¬ 
puscles,  and  in  their  course  through  the  substance  of  the 
kidney  they  vary  in  their  size,  shape,  and  direction;  they 
are  found  also  in  both  the  medullary  and  cortical  parts  of 
the  organ.  The  part  of  the  tubule  near  the  malpighian  cor¬ 
puscle  is  short  and  more  or  less  straight;  this  is  known  as  the 
neck  (Fig.  2).  The  tubule  then  becomes  convoluted  and 
passes  at  some  length  through  the  cortical  substance  of  the 
kidney,  forming  the  so-called  pro.ximal  or  first  convoluted 
tubule,  then  as  the  tubule  nears  the  medullary  substance  of 
the  kidney  it  becomes  more  or  less  spiral  in  shape,  and  is 
known  as  the  spiral  tube  of  Schachowa  (Fig.  2).  As  the 
tubule  leaves  the  cortical  sul)stance  of  the  organ  and  enters 
the  medullar>’  substance,  it  becomes  much  smaller  and  its 
course  quite  straight,  and  each  tubule  drops  down  a  variable 
depth  into  the  pyramids,  forming  the  descending  limb  of 
Henle’s  loop.  The  tubule  next  bends  near  the  tip  of  the 
pyramid  and  forms  the  loop  of  Flenle,  then,  ascending,  it 
suddenly  enlarges  and  again  Ijecomes  spiral  in  its  course, 
forming  the  ascending  limb  of  Henle’s  loop,  and  here  it  re¬ 
enters  the  cortical  substance  of  the  organ.  The  tubule  as  it 
passes  along  in  the  cortical  substance  of  the  kidney  again 
becomes  enlarged,  angular,  and  irregular,  forming  the  irreg¬ 
ular  tubule.  The  irregular  tubule  then  becomes  convoluted 
and  forms  the  so-called  distal  or  second  coin-oluted  tubule, 

a 

which  terminates  in  a  narrow  curved  or  junctional  tubule 


20 


INIAXUAL  OF  URIXE  AXALYSIS 


Bowman’s  capsule  Glomerulus 


that  enters  the  slrai<j;]il  collectin<>:  tube.  1'lierefore  it  will  be 
seen  from  the  forej^oin^  descrijilion  that  there  is  a  continuous 
series  of  the  tubules  all  starting  in  the  nial])ighian  corpuscles 
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and  ending  in  the  apices  of  the  ])yrainids  of  Malpighi,  and 
tliat  the  secretion  of  urine  which  commences  in  llie  corj)uscle 
finds  its  way  through  the  tubules  into  the  calices  of  the 
kidney,  and  from  there  into  the  ureter. 

The  function  of  the  urine  is  to  eliminate  some  of  the  waste 
material  produced  by  ingested  foods,  bacteria,  and  other 
agencies  that  the  body  cannot  rid  itself  of  through  the  skin, 
lungs,  and  bowels. 

When  foods  are  ingested  they  go  through  the  processes  of 
digestion  first,  which  begins  in  the  mouth  and  ends  in  the  ali- 
mentar\-  canal,  next  absorjition  or  assimilation,  and  finally 
elimination  of  waste  material.  Foods  usually  contain  carbon, 
hydrogen,  oxygen,  and  nitrogen,  and  sometimes  phosphorus, 
sulphur,  and  the  halogens,  such  as  the  chlorids,  bromids,  etc. 
d'herefore,  as  foods  are  digested  and  assimilated  a  kind  of 
combustion  takes  place,  and  the  eliminated  body  wastes  are 
principally  carbon  dioxid,  some  elemental  nitrogen,  water, 
urea,  uric  acid,  other  aromatic  acids,  pigments,  and  inorganic 
salts.  The  carbon  dioxid  is  usually  eliminated  through  the 
lungs  together  with  some  moisture.  The  water  is  eliminated 
to  some  extent  through  the  skin  as  perspiration,  a  little 
through  the  lungs,  but  chiefly  by  the  kidneys  as  urine 
together  with  urea  and  the  body  wastes  mentioned 
above. 

It  must  be  remembered  that  the  efficiency  of  the  kidneys 
as  a  filter  is  dependent  upon  three  important  factors,  namely, 
a  normal  condition  of  the  membranes  between  the  blood  and 
the  urine,  the  blood-jiressure  of  the  individual,  and  lastly. 
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the  influence  of  certain  mental  conditions  which  are  only 
partially  understood. 

The  analysis  of  urine  is  unquestionably  of  great  importance 
in  the  diagnosis  of  diseased  conditions  in  the  body  aside  from 
those  of  the  kidneys  and  urinary  organs.  P'or  example,  an 
increase  in  phosphates  may  indicate  a  diseased  contlition  of 
the  bone,  known  as  caries  of  the  bone,  or  may  mean  mental 
exhaustion,  while  the  presence  of  bile  and  its  associated  pig¬ 
ments  usually  indicates  certain  diseased  conditions  of  the 
gall-bladder  or  liver.  Then,  again,  if  increased  amounts  of 
indican  are  present,  a  putrefactive  condition  of  the  intestines 
is  indicated.  On  the  other  hand,  the  progress  of  certain  dis¬ 
eased  conditions  of  the  kidneys  are  measured  to  some  extent 
by  the  microscopic  examination  of  the  urinary'  sediment. 
Therefore,  in  order  for  a  urine  analysis  to  be  of  any  clinical 
value  it  must  be  complete,  i.  c.,  the  analysis  must  include 
the  examination  of  the  physical,  chemical,  and  microscopic 
constituents  of  the  urine.  No  attempt  to  diagnose  or  form  an 
opinion  should  be  based  upon  the  urine  analysis  alone;  the 
analysis  together  with  the  historxq  symptoms,  etc.,  of  the 
case  should  form  the  basis  for  diagnosis.  It  is  not  the  office 
of  the  analyst  or  technician  to  make  the  diagnosis. 
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The  following  report  form  has  been  used  to  advantage  l)y 
the  author  for  several  years: 

ANALYSIS  OF  URINF 

Boston,  Mass . 


From.. 

Patient 


.\mount  in 

twenty-four  hours,  c.c. 

Sediment, 

Color, 

Reaction, 

Odor, 

Siiecitic  gra\'ity. 

Urea, 

per  cent. 

Chlorids  as  Cl, 

per  cent. 

Uric  acid. 

per  cent. 

Phosphates  as  P-iOa, 

per  cent. 

Indican, 

Sulphates  as  SO3, 

per  cent. 

Sugar, 

per  cent. 

Acetone, 

.Vlbumin, 

per  cent. 

Diacetic  acid. 

Bile, 

Total  acidity, 

per  cent. 

Sediment  (microscopically). 

Respectfully  submitted, 


Analyst. 
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GENERAL  CONSIDERATIONS 
Chapter  II 

COLLECTION  AND  PRESERVATION  OF  THE  SAMPLE 

All  containers  used  for  the  collection  of  the  specimen  must 
be  clean,  and  the  mixing  receiver  must  be  securely  corked 
after  each  addition  of  urine  in  order  to  avoid  contamination 
from  the  air.  Also  during  the  collection  of  the  specimen 
great  care  should  be  exercised  to  prc\ent  introduction  of 
dust,  fecal  matter,  expectoration,  and  other  body  fluids,  as 
they  seriously  interfere  with  the  analysis. 

METHOD  OF  COLLECTION  OF  THE  SAMPLE 

In  order  to  obtain  a  represen tati\  e  sample  for  analysis  it 
is  necessary  to  collect  all  the  urine  voided  in  twenty-four 
hours.  This  is  usually  accomplished  as  follows:  the  bladder 
is  emptied  at  some  convenient  time  of  the  day,  usually  at 
7  A.  M.,  and  this  voidance  is  discarded.  Then  all  the  urine 
voided  up  to  and  including  the  same  hour  of  the  following 
day  is  collected  in  one  container.  It  is  then  well  mixed  by 
shaking,  and  4  or  8  ounces  of  the  sample  sent  to  the  labor¬ 
atory  for  examination.  Iii  some  diseased  conditions  it  is 
desirable  to  collect  the  night  and  day  urines  separately, 
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which  is  (lone  l)y  collccling  that  of  each  twelve  hours  se])- 
arately.  It  should  be  remembered  that  all  separate  voidances 
must  be  well  mixed  by  shaking  in  order  to  obtain  a  represen¬ 
tative  samjile  for  analysis. 

PRESERVATION  OF  THE  SAMPLE 

Refrigeration  offers  the  best  method  for  the  preservation 
of  specimens  of  urine:  8°  to  H)°  C.  will  preserve  a  sample  for 
several  days  provided  l)ut  few  bacteria  are  jn’esent.  The 
sample  should  not  be  in  direct  contact  with  the  ice.  At  this 
temperature  the  urates  will  usually  be  precipitated,  but  they 
may  be  easily  redissolved  by  placing  the  container  in  a  vessel 
of  warm  water  at  the  time  of  analysis.  This  method  has  an 
ach’airtage  ox  er  the  method  that  uses  a  chemical  for  preser¬ 
vation,  in  that  added  chemicals  sometimes  reproduce  reactions 
similar  to  those  that  may  be  tested  for;  also  they  may  prevent 
(W  obscure  tests  for  substances  that  occur  in  the  urine. 
Since  urine  is  constantly  undergoing  change  it  should  be  ex¬ 
amined  as  soon  after  voidance  as  possible;  if  this  is  not  pos¬ 
sible  it  should  be  preserved  carefully  either  by  refrigeration 
or  l)y  chemical  means.  The  following  preservatives  are  those 
usually  used:  boric  acid,  chloroform,  formaldehyd,  thymol, 
and  sometimes  corrosive  sublimate. 

Boric  Acid. — I'his  substance  acts  as  a  preservative;  about 
1  teas])oonful  is  necessary  for  a  twenty-four-hour  sample. 
It  slightly  increases  the  specific  gravity  of  the  sample,  but 
does  not  interfere  with  other  tests  or  reactions. 

Chloroform.— .About  H)  mils  of  chloroform  will  preserve  a 
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twenty-four-hour  sample  for  several  days.  The  chloroform, 
however,  interferes  with  all  copper  tests  for  glucose,  reducing 
Fehling’s,  Benedict’s,  and  Haines’  solutions.  If  chloroform 
is  used  it  must  be  removed  before  the  analysis  is  made  by 
boiling  the  sample;  this,  of  course,  remo\’es  any  albumin  that 
may  be  present.  The  chloroform  does  not  interfere  with  the 
tests  for  albumin.- 

Formaldehyd. — Usually  about  5  drops  of  commercial  for¬ 
malin,  which  is  a  40  per  cent,  solution  of  formaldehyd,  are 
placed  in  the  receiving  bottle;  if  more  than  this  amount  is 
added  it  reduces  all  copper  tests  for  glucose,  and  also  prevents 
coagulation  of  the  albumin  in  the  heat  test  and  the  nitric 
acid  test.  Occasionally  it  causes  the  formation  of  a  yellowish 
precipitate  which  may  be  detected  microscopically. 

Thymol. — Of  all  the  chemical  preser\'atives,  th^Tuol  is  by 
far  the  most  satisfactory.  Usually  two  crystals,  each  about 
the  size  of  a  pea,  are  placed  in  the  receiving  bottle.  Tlijonol 
is  an  e.xcellent  preservati\  e;  moreover,  it  does  not  affect  the 
reducing  tests  for  glucose,  neither  does  it  affect  the  coagula¬ 
tion  tests  for  albumin.  Some  authorities  claim  that  in  the 
nitric  acid  test  for  albumin  it  imoduces  a  white  cloud  similar 
to  that  produced  by  albumin,  but  the  writer  has  not  experi¬ 
enced  this  in  using  the  quantity  of  thymol  mentioned  above. 


Chapter  III 


CONSTITUENTS  OF  NORMAL  URINE 

Under  normal  conditions  the  urine  is  an  aqueous  solution 
of  complex  organic  substances  and  more  or  less  simple  in¬ 
organic  substances,  ^vhich  may  be  classified  as  follows: 

Class  I. — Urea  and  other  closely  related  substances,  as  uric 
acid,  allontoin,  purin  bases,  such  as  xanthin,  methylxanthin, 
h^poxanthin,  paraxanthin,  adenin,  guanin,  epiguanin,  carnin, 
creatinin,  and  thiosulphuric  acid. 

Class  II. — Fatty  and  other  non-nitrogenous  substances,  as 
fatty  acids  of  the  series  CnHonOo,  oxalic  acid,  oxybutyric 
acid,  lactic  acid,  and  glycerophosphoric  acid. 

Class  III. — Aromatic  substances,  as  ethereal  sulphates, 
phenol  derivatives,  cresol,  pyrocatechin,  indoxyl,  skatoxyl, 
hippuric  acid,  and  aromatic  oxyacids. 

Class  IV. — Other  organic  substances,  as  pigments,  chro¬ 
mogens,  ferments  (as  pepsin,  etc.),  mucous  substances,  and 
also  kynurenic  acid. 

Class  V. — Inorganic  salts,  as  chlorids  of  sodium  and  po¬ 
tassium,  phosphates  of  calcium,  sodium,  and  magnesium, 
sulphates  of  sodium  and  potassium,  silicic  acid,  ammonia 
compounds,  and  calcium  carbonate. 

Class  VI. — Gaseous  compounds,  as  carbonic  acid  and  ele¬ 
mental  nitrogen. 
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The  following  amounts  of  urinary  constituents  are  elim¬ 
inated  by  a  person  of  iiormal  weight  in  good  health  on  a 
mixed  diet  in  twenty-four  hours: 


PARKE’S  TABLE 


^Vater .  1500.00  grams  or  mils. 

Total  solids .  72.00  “ 


The  total  solids  are  composed  of  the  following  substances: 


Urea .  33.18  “ 

Uric  acid .  0.55  “ 

IIip[Hiric  acid .  0.40  “ 

Creatinin .  0.91  “ 

Pigments  and  other  organic  substances .  10.00  “ 

Sulphuric  acid^ .  2.01  “ 

Phosi)horic  acid* .  3.16  “ 

Hydrochloric  acid* . 7  to  8  “ 

Ammonia  compounds .  0.77  “ 

Potassium* .  2.50  “ 

Sodium* .  11.09  “ 

Calcium* .  0.26  “ 

Magnesium* .  0.21  “ 


*  These  substances  all  occur  in  combination  usually,  i.  e.,  the  sul¬ 
phuric  acid  as  the  sulphates  of  sodium  and  potassium,  etc. 


Chapter  IV 


PHYSICAL  CHARACTERISTICS  OF  THE  URINE 

The  physical  characteristics  of  the  urine  may  be  grouped 
as  follows;  the  amount  in  twenty-four  hours,  color,  odor, 

sediment,  specific  gra^•ity,  and  reaction.  The  total  solids 

« 

are  sometimes  included  in  this  group. 

THE  AMOUNT  IN  TWENTY-FOUR  HOURS 

The  average  daily  excretion  of  urine  for  a  healthy  individual 
of  normal  weight  is  between  120(1  and  IbOO  mils  for  a  twenty- 
four-hour  period.  This  corresponds  to  approximately 
pints  or  52  ounces.  The  amount  of  urine  varies  with  the  sex; 
males  usually  excrete  more  urine  than  females;  also  it  usually 
holds  true  that  a  person  small  in  stature  of  a  quiet  disposition 
will  excrete  less  urine  than  a  person  of  greater  weight  who  is 
more  active. 

The  amounts  stated  above  are  subject  to  wide  variations, 
depending  on  the  amounts  of  lluids  ingested,  the  character 
and  quantity  of  the  food,  the  process  of  digestion,  blood-pres¬ 
sure,  temperature,  emotions,  exercise,  sleep,  etc.  Temjier- 
ature  plays  an  important  part  in  the  amount  of  urine  elim¬ 
inated  ])er  day;  usually  more  is  voided  in  the  winter  than  in 
the  summer;  this  is  due  to  the  fact  that  some  of  the  water 

is  eliminated  by  the  body  in  the  summer  as  i)erspiration. 

29 


3° 


MANUAL  OF  URINE  ANALYSIS 


Under  normal  conditions  the  cjuantity  of  urine  voided  at  one 
time  varies  with  the  time  of  day;  most  of  the  urine  is  voided 
in  the  afternoon,  the  least  amount  at  night,  and  an  average 
of  the  two  in  the  forenoon. 

A  temporary  increase  in  the  amount  of  urine  voided  may 
be  due  to  the  following  causes: 

1.  Ingestion  of  large  quantities  of  fluids. 

2.  Cool  temperature  or  conditions  which  check  jrerspira- 
tion. 

3.  Diuretic  treatment. 

4.  Hysteria  and  also  diseased  conditions  of  the  kidney, 
such  as  diabetes  mellitus,  diabetes  insipidus,  amyloid  infil¬ 
tration,  etc. 

A  temporary  diminishment  in  the  amount  of  urine  voided 
may  occur  with  the  folkrwing  conditions: 

1.  Small  amounts  of  ingested  fluids. 

2.  Free  perspiration. 

3.  Loss  of  fluids  by  vomiting  or  diarrhea. 

4.  Free  diet  of  salts. 

5.  Diseased  conditions,  such  as  hyperemia,  fevers,  pneu¬ 
monia,  acute  diffuse  nephritis,  dropsy,  and  toward  death  in 
all  diseases. 

The  following  terms  are  used  to  express  any  variation  in 
the  volume  of  urine  voided: 

Amiria  is  used  when  little  or  no  urine  is  voided  in  twenty- 
four  hours. 

Obstructive  anuria  refers  to  the  complete  su])pression  or 
nearly  complete  suppresion  of  urine. 
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Rclciitio)i  of  urine  usually  means  an  obstruction  of  urine 
through  the  urethra  due  to  calculus  or  stricture. 

Oliguria  is  used  when  an  abnormally  small  amount  of  urine 
is  voided. 

Polyuria  is  used  when  abnormal  amounts  of  urine  are 
voided. 

THE  COLOR 


The  dejHh  of  the  color  of  urine  depends  upon  the  presence 
of  certain  urinary  pigments  which  are  normal  to  urine,  and 
also  upon  those  pigments  produced  by  pathologic  conditions 
and  those  contained  in  the  foods  and  medicines  ingested. 
The  color  of  physiologic  urine  varies  from  a  light  yellow  to  a 
dark  amber,  and  is  largely  influenced  by  the  concentration 
and  reaction  of  the  secretion.  These  variations  in  color  may 
occur  from  day  to  day,  or  in  the  various  voidances  during 
the  day,  and  should  not  be  construed  as  inconsistent  with 
health.  It  must  be  remembered  that  the  color  of  urine  is 
not  always  of  clinical  value,  because  the  specimen  may  be 
distinctly  pathologic  in  character  and  yet  may  be  normal  in 
color,  or  vice  versa. 

The  followiiig  terms  are  used  to  describe  the  depth  of  the 
color  of  the  urine — “pale,”  “normal,”  and  “high.”  The 
term  “pale”  is  usually  used  when  the  urine  ranges  from  color¬ 
less  to  a  light  straw  color.  The  deficiency  in  color  may  be 
due  to  the  partial  absence  of  the  normal  urinan^’  pigments,  or 
the  voidance  of  increased  amounts  of  urine  which  generally 
results  in  greater  dilution  of  the  secretion.  It  may  also  be 
due  to  diseased  conditions  of  the  kidney’s.  The  term  “nor- 
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mal”  is  used  if  the  urine  has  a  topaz  yellow  color.  The  color 
of  normal  urine,  as  stated  above,  is  subject  to  wide  variations. 
It  should  be  noted  that  a  normal  color  does  not  necessarily 
iiidicate  a  normal  urine.  The  term  **hifi;h”  is  used  if  the  urine 
is  dark  amber  in  color.  The  high  color  of  urine  may  be  due  to 
an  increase  in  the  amount  of  urinary  pigments  voided,  or  it 
may  be  due  to  concentration  which  usually  increases  the 
amount  of  solids  present;  again,  it  may  be  due  to  febrile  con¬ 
ditions,  or  it  may  be  due  to  drugs  ingested,  and  also  it  may 
be  due  to  diseases  of  the  kidneys. 

Frequently  abnormal  colors  may  occur  in  the  urine  due  to 
a  variety  of  causes,  for  example: 

Red  color  may  be  due  to  the  presence  of  blood  in  large 
amounts,  and  if  the  hematoporphyrin,  which  is  a  deri\-ed 
blood-pigment,  be  dissolved  from  the  blood  it  causes  a  reddish- 
brown  color.  This  color  may  also  be  due  to  ingested  drugs, 
such  as  logwood,  which  is  used  occasionally  as  an  astringent. 

Smoky  color  in  urine  may  be  due  to  the  presence  of  oxidized 
blood  or  to  the  presence  of  phenol  derivati\'es.  These  grad¬ 
ually  oxidize  on  exposure  to  air  and  i)roduce  a  dark  or  even 
black  color  if  present  in  large  amounts. 

Dark  yellow  to  brownish-red  colors  may  occur  in  urines 
due  to  the  i)resence  of  increased  amounts  of  normal  urinary 
pigments. 

A'ellow  or  orange  colors  occasionally  appear  in  urines  due 
to  the  presence  of  bile-ingments  which  may  be  best  seen  in 
the  foam.  Ingested  drugs,  such  as  santonin,  rhubarb,  and 
chrysarobin,  impart  these  colors  to  the  urine. 
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('iRTiiish  yt-llow  to  blue-  fmiucntly  occur  iu  llie  urine  due 
to  certain  disease  cxuKlitions;  }i;reenish  yellow  may  be  due  to 
the  presence  of  bile,  and  the  blue  may  be  due  to  increased 
amounts  of  indican,  the  indican  being  oxidized  to  indigo. 

A  milky  color  in  urine  may  be  due  to  the  presence  of  fat 
globules,  pus,  and  bacteria;  this  condition  is  commonly  known 
as  chyluria. 

\'ogel  has  classified  the  colors  of  urine  in  three  important 
groujis: 

1.  The  Yellow  Group  includes  pale  yellow,  light  yellow, 
and  yellow. 

2.  The  Reddish  Group  includes  reddish  yellow,  yellowish 
red,  and  red. 

.V  The  Brown  or  Black  Group  includes  brownish  red, 
reddish  brown,  and  brownish  black. 

THE  ODOR 

Freshly  voided  normal  urine  usually  has  a  pleasant  aro¬ 
matic  odor,  due  to  the  presence  of  extremely  small  amounts 
of  complex  organic  acids.  This  odor  is  marked  in  concentrated 
urines.  On  prolonged  standing  all  urines  undergo  an  alkaline 
fermentation  which  results  in  the  decomposition  of  the  urea 
present  and  the  production  of  an  ammoniacal  odor.  The 
odor  is  then  distinctly  urinous.  Certain  foods  and  drugs 
affect  the  odor  of  the  urine;  for  example,  the  ingestion  of  large 
amounts  of  asj)aragus  cause  the  urine  to  have  an  asparagus¬ 
like  odor;  also,  oil  of  turpentine  when  taken  inlernallv  pro¬ 
duces  a  violet-like  odor  in  the  urine,  if  freshly  voided  urine 
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has  an  ammoniacal  odor  it  is  of  pathologic  significance. 
When  the  urine  has  a  peculiar  pleasant  aromatic  odor  it  is 
described  as  “fresh,”  If  the  urine  has  an  ammoniacal  odor  it 
is  described  as  “not  fresh.”  Frequently  the  odor  is  neither 
aromatic  nor  ammoniacal;  it  is  then  described  as  being 
“peculiar.”  Do  not  attempt  to  describe  such  odor  further. 

THE  SEDIMENT 

Observation  of  the  appearance  of  the  urine. 

When  first  voided,  normal  urine  is  ordinarily  perfectly 
clear.  Upon  standing  a  short  time  a  faint  cloudiness  appears, 
consisting  chiefly  of  mucus,  epithelial  cells,  amorphous  urates, 
etc.  Frequently  phosphates  and  other  solid  material  sepa¬ 
rate  from  the  urine,  depositing  what  is  known  as  the  sedi¬ 
ment.  The  character  of  the  sediment  is  important  and  should 
be  examined  microscopically  and  chemically.  Phosphates 
are  usually  dissolved  by  using  a  few  drops  of  acetic  acid. 
Urates  are  dissolved  in  warm  water,  or  by  standing  the  flask 
containing  the  specimen  in  a  water-bath  and  heating  until 
the  sediment  dissolves.  If  many  bacteria  are  present  it  causes 
a  turbidity  which  is  not  removed  by  filtration  through  filter- 
paper.  The  author  finds  that  the  addition  of  5  per  cent,  of 
alumina  cream  prepared  by  double  decomposition  effectively 
removes  this  turbidity.  If  an  excess  of  uric  acid  is  voided 
and  the  urine  is  distinctly  acid  in  reaction,  it  usually  crystal¬ 
lizes  out,  forming  a  characteristic  reddish  brick-dust  colored 
precipitate.  The  following  terms  are  used  to  describe  the 
amount  of  sediment  present:  “very  slight,”  “slight,”  “much,” 
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and  “considerable.”  It  must  be  remembered  that  even  in 
urines  that  ajipear  macroscopically  clear,  that  microscopically 
they  contain  some  sediment. 

THE  REACTION 

The  reaction  of  normal  urine  is  usually  acid;  this  acidity 
is  due  to  the  presence  of  acid  salts,  as  acid  phosphates,  etc., 
and  not  to  the  presence  of  free  acids.  The  composition  of 
the  ingested  foods,  the  diet,  etc.,  play  an  important  part  in 
determining  the  reaction  of  the  urine.  Urines  containing 
large  quantities  of  solid  material  other  than  sugar  and  al¬ 
bumin  are  usually  distinctly  acid  in  reaction.  A  diet  of 
animal  foods  generally  produces  an  acid  urine,  while,  on  the 
other  hand,  a  vegetable  diet  usually  produces  a  neutral  or 
alkaline  urine.  Pathologic  urines  may  be  acid  or  alkaline, 
or  amphoteric  in  reaction.  Litmus-paper  is  used  to  determine 
the  reaction  of  the  urine  for  most  clinical  purposes.  If  the 
sample  turns  red  litmus-paper  blue,  it  is  alkaline  in  reaction; 
if  the  sample  turns  blue  litmus-paper  red,  it  is  acid  in  re¬ 
action;  if  the  sample  turns  blue  litmus  red,  and  red  litmus 
blue,  it  is  saifl  to  have  an  amphoteric  reaction.  For  practical 
purposes  the  terms  “neutral”  and  “amphoteric”  are  synony¬ 
mous. 

Technic. — Use  two  strips  of  litmus-paper,  one  red  and  one 
blue;  immerse  each  strip  in  the  urine  so  that  half  of  each  is 
thoroughly  moistened,  then  wash  the  entire  strip  with  dis¬ 
tilled  water  and  compare  the  color  imparted  by  the  urine 
with  the  original  color  of  the  litmus-paper.  The  washing  of 
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the  litmus-paper  with  distilled  water  eliminates  any  change 
in  the  test  paper  due  to  moisture  alone,  and  it  brings  out 
sharply  any  slight  changes  in  color  of  the  litmus-paper  by 
allowing  a  comparison  between  the  adjacent  parts  of  each 
strip  of  the  test  paper. 

The  accurate  determination  of  the  acidity  of  urine  is  not 
frequently  required;  however,  if  it  is  desired,  the  following 
technic  may  be  used:  pipet  25  mils  of  the  urine  accurately 
into  a  250-mil  Erlenmeyer  flask,  add  10  grams  of  potassium 
oxalate  and  25  mils  of  distilled  water,  and  titrate  with  tenth- 
normal  sodium  hydroxid  V.  S.,  using  2  drops  of  phenolph- 
thalein  as  the  indicator.  The  first  appearance  of  a  permanent 
pink  color  indicates  the  end-point.  The  total  acidity  is 
usually  calculated  in  terms  of  hydrochloric  acid,  using  0.00365 
as  the  N/10  factor.  This  determination  must  be  performed 
within  twenty-four  hours,  as  urine  usually  darkens  con¬ 
siderably  on  standing,  and  the  reaction  is  apt  to  change.  It 
is  difficult  to  observe  the  faint  pink  color  which  marks  the 
end-point  if  the  urine  is  high  colored. 

THE  SPECIFIC  GRAVITY 

The  specific  gravity  of  normal  urine,  when  the  volume 
voided  in  twenty-four  hours  is  normal,  ranges  from  1.017  to 
1.022.  Slight  variations  from  this  standard  are  consistent 
with  perfect  health,  dej^ending  upon  the  character  of  the  food 
ingested,  the  intake  of  water  and  other  fluids,  and  also  the 
state  of  metabolism.  The  si)ecific  gravity  is  increased  in 
warm  weather,  and  also  by  muscular  exertion,  due  to  per- 


I’llVSlCAL  ClIARACrKKrSTlCS  OK  TIIK  URINE  37 


spiratioii  in  which  sonic  moisture  is  lost  liirou.t^h  the  skin,  the 
solids  thus  increasing  the  density  of  the  lluid.  'I'he  specific 
gravity  of  pathologic  urines  may  range  from  1.001  to  1.060; 
a  low  specific  gravity  may  indicate  dilution  or  the  presence 
of  albumin  (1.001-1.014).  A  high  siiecilic  gravity  may  in¬ 
dicate  concentration  or  the  presence  of  sugar  (1. 028-1. 0()0). 

For  ordinal*}’  clinical  work  the  urinometer,  which  is  a 
specially  constructed  hydrometer, 
is  used  (Fig.  8).  The  specific 
gravity  so  obtained  is  only  aj)- 
proximately  accurate,  i.  e.,  accu¬ 
rate  enough  for  routine  work. 

The  urinometer  is  calibrated  at 
60°  F.,  and  if  the  sjiecific  gravity  is 
taken  at  any  other  temperature  a 
correction  for  the  temperature  must 
be  made.  This  may  be  accom¬ 
plished  with  sufficient  accuracy 
for  clinical  purposes  by  adding 
0.001  to  the  specific  grac’ity  for 
ever}’  3  degrees  that  the  tempera¬ 
ture  of  the  urine  is  above  the 
standard  temperature,  and  sub¬ 
tracting  the  same  amount  for 
every  3  degrees  that  the  urine  is  below  that  point. 

Technic, — Allow  the  specimen  to  cool  to  60°  F.,  if  jiossible, 
then  ])our  into  a  50-mil  cylindric  graduate  (Fig.  4),  to  within 
1  inch  of  the  top.  Immerse  the  urinometer;  be  sure  that  it 


Kigs.  ,1  and  4. — Urinom- 
cU-r  and  urinometcr-glass 
(slightly  less  than  onedialf 
actual  size).  (Ogden.) 
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floats  freely,  and  does  not  adhere  to  the  sides  of  the  cylinder, 
then  with  the  eye  on  a  level  with  the  surface  of  the  urine,  the 
division  of  the  scale  which  corresponds  to  the  curve  of  the 
meniscus  is  read  off.  In  carrying  out  this  test  the  urinometer 
must  be  washed  and  carefully  dried  before  immersion;  also 
if  any  foam  persists  it  should  be  removed.  This  is  best  ac¬ 
complished  by  using  a  small  piece  of  blotting-paper  or  filter- 
paper.  In  reading  the  meniscus  care  should  be  taken  not  to 
read  that  portion  of  the  urine  that  adheres  to  tlie  stem  of  the 
urinometer  as  the  meniscus,  in  place  of  the  lower  part  of  the 
curve  formed  by  the  contact  of  the  urine  with  the  stem  of  the 
urinometer. 

The  accurate  determination  of  the  specific  gravity  of  urine 
may  be  accomplished  by  the  use  of  the  pycnometer  or  West- 
phal  balance;  in  either  instance  it  is  possible  to  carry  the 
reading  to  the  fourth  decimal.  When  only  small  quantities 
of  urine  are  available  the  Sprengle  tubes  are  employed. 
These  methods  may  be  found  in  larger  books  on  the  subject. 


TOTAL  SOLIDS 


The  amount  of  total  solids  in  the  urine  may  be  determined 
by  employing  Haeser’s  coefficient,  which  is  2.33.  This 
method  uses  the  last  two  figures  of  the  sjiecilic  gravity. 

E.xample:  The  twenty-four-hour  specimen  contains  1800 
mils  and  the  specific  gravity  is  1.018: 


Then, 


18  X  2.33  X  1800 
1000 


=  74.49  grams  of  total  solids  in 


twenty-four  hours.  The  use  of  Haeser’s  coefficient  is  suffi- 
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cicntiv  accurate  for  the  ordinary  routine  clinical  work.  The 
more  accurate  method  is  the  evaporation  of  a  small  quantity 
of  urine,  about  5  or  10  mils,  in  a  platinum  dish  on  a  water- 
bath  to  constant  weight,  and  from  the  amount  of  residue  so 
obtained  the  amount  of  total  solids  eliminated  may  be  cal¬ 
culated. 

.Another  coefficient  is  used  by  some  authorities,  that  of 
Long,  which  is  2.6.  It  is  claimed  that  this  one  is  more  ac¬ 
curate  than  that  of  Haeser.  Haeser’s  coefficient  has  been  in 
use  in  this  country  for  a  number  of  years  and  has  proved  sat- 
isfactorc'.  Long’s  method  for  the  calculation  is  the  same  as 
that  of  Haeser. 
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CHEMICAL  CHARACTERISTICS  OE  THE  URINE. 
NORMAL  CONSTITUENTS 

Chapter  V 

ORGANIC  CONSTITUENTS  OF  NORMAL  URINE 

UREA 

Urea,  or  carbamid,  as  it  is  sometimes  called,  has  the  for¬ 
mula  (NHoioCO.  It  is  the  chief  normal  organic  constituent 
of  the  urine;  approximately  33  grams  are  eliminated  by  a 
healthy  individual  of  average  weight  on  a  mixed  diet  in 
twenty-four  hours.  The  body  eliminates  most  of  its  waste 
nitrogen  as  urea,  and  it  is  formed  by  the  breaking  down  of 
nitrogenous  tissues  in  all  parts  of  the  body,  the  final  break¬ 
ing  down  or  metabolism  taking  place  in  the  liver.  Urea  is 
not  manufactured  in  the  kidneys;  it  is  formed  chiefly  in  the 
liver,  also  to  some  extent  in  the  spleen  and  the  lymphatic 
glands.  Presumably  the  protein  sulistances  are  transformed 
into  amino-acids;  these,  in  turn,  are  diaminized,  forming 
ammonium  carbonate,  which,  in  turn,  loses  one  molecule  of 
water,  forming  ammonium  carbamate.  The  ammonium  car¬ 
bamate  so  formed  loses  one  molecule  of  water,  forming  urea. 
This,  howev'er,  is  a  complicated  reaction,  and  unless  the  organ 
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is  in  a  lieallhy  condition  tlic  ammonium  carbonate  is  not 
completely  c\)nverte(l.  As  staled  above,  urea  is  not  secreted 
by  the  kidney  at  all,  but  is  excreted  by  the  epithelial  cells  of 
the  urinifen)us  tubules,  and  of  the  malpi'fhian  iKxlies  as  well. 
Urea  exists  normally  to  some  extent  in  the  blood,  and  is  rc- 


Fig.  5. — Sediment  of  alkaline  fcnncntation.  (After  Hofmann  and 

Ultzmann.) 

moved  by  the  kidneys;  this  is  believed  to  represent  the  final 
step  in  the  combustion  of  tissue  proteins  and  of  the  food 
albuminoids  in<fested.  Approximately  85  to  94  per  cent,  of 
all  the  nitrogen  fonned  in  the  body  is  eliminated  as  urea. 
When  urine  undergoes  alkaline  fermentation  tlie  urea  is 
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converted  into  ammonium  carbonate  due  to  the  presence  of 
the  bacterium  micrococcus  urea. 


(NH2)2C0  +  2H2O  =  (NH4)2C0,. 

Urea  occurs  as  colorless,  odorless,  hexagonal  crystals,  sol¬ 
uble  in  water,  alcohol,  and  ether.  When  heated  above  150°  C. 
it  decomposes,  evolving  ammonia.  When  urine  is  evaporated 
to  a  syrupy  consistency  and  nitric  acid  is  added  to  it,  rhombic 
plates  or  hexagonal  crystals  of  urea  nitrate  are  formed,  which 
may  be  distinguished  from  urea  microscopically.  When 
urine  is  boiled  the  urea  is  decomposed,  ammonia  being 
evolved.  Urea  is  also  decomposed  by  fuming  nitric  acid, 
chlorin,  or  bromin;  and  also  by  their  compounds,  such  as 
sodium  hypochlorite  and  hypobromite.  Biuret  is  fonned 
when  urea  is  heated,  as  shown  by  the  following  equation: 

2(NH2)2C0  +  heat  =  NH3  -h  N3H6C2O2. 

Biuret  reaction:  Wlien  urea  is  heated  from  150°  to  170°  C., 
and  a  few  drops  of  copper  sulphate  T.  S.,  are  added  and  the 
mixture  made  distinctly  alkaline  with  potassium  hydroxid 
T.  S.,  a  rose-red  color  is  produced. 

The  amount  of  urea  eliminated  per  day  may  be  increased 
as  follows: 

1.  By  the  ingestion  of  a  hearty  mixed  diet. 

2.  Strenuous  exercise,  which  causes  increased  metabolism. 

3.  By  undue  wasting  of  body  tissues,  as  in  fe\-ers,  inflam¬ 
mation,  injury,  presence  of  pus,  and  also  by  individual  habits. 

As  a  rule  the  amount  of  urea  voided  in  disease  is  increased. 
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'I'lic  following  conditions  usually  ilecreasc  the  amount  of 
urea  eliminated: 

1.  A  strictly  vegetable  diet. 

2.  Diseased  conditions  of  the  liver. 

3.  .\  continuetl  ingestion  of  large  amounts  of  water. 

4.  Ingestion  of  certain  drugs,  such  as  quinin,  etc. 

Determination  of  Urea 

A  number  of  methods  for  the  ejuantitative  estimation  of 
urea  have  been  de\  ised,  but  most  of  these  are  intended  for 
the  use  of  the  research  worker,  as  they  entail  the  use  of 
sjiecially  constructed  apparatus  which,  in  the  hands  of  the 
novice,  would  give  results  that  would  be  of  little  value.  We 
have,  however,  two  simpler  methods  which  are  in  common  use; 
the  one  gives  results  that  at  best  are  only  approximate,  yet 
for  ordinary'  clinical  examination  the  results  are  sufficiently 
accurate;  the  other  gives  results  which  are  accurate  provided 
the  reagents  are  projierly  standardized. 

The  quantitative  estimation  of  urea  may  be  accomplished 
by  calculating  the  \olume  of  nitrogen  gas  obtained  from  a 
measured  volume  of  urine  by  decomposition  with  sodium 
hy]iobromite  solution.  A  great  many  forms  of  ureometers 
have  been  devised  for  the  quantitative  estimation  of  urea  by 
the  hypobromite  method,  which  depends  upon  the  fact  that 
when  urea  comes  in  contact  with  sodium  hypobromite  it  is 
decomposed  into  water,  carbon  dioxid,  and  nitrogen,  as 
shown  by  the  following  ef|uation: 

(NlldiCO  +  3NaBr()  =  .3NaBr  +  211,0  +  N,  +  CO,. 
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The  carl)on  dioxid  so  formed  is  dissolved  in  the  excess  alkali, 
which  is  used  in  the  preparation  of  the  sodium  hypobromite 
solution,  and  the  nitrogen  formed  displaces  the  solution  in 
the  arm  of  the  ureometer,  and  can  be  measured  directly. 
The  instrument  is  based  upon  the  fact  that  1  mil  of  nitrogen 
gas  is  obtained  from  0.0025  gram  at  18°  C. 

Technic. — Use  the  Doremus 
ureometer  (Fig.  6).  This  ap¬ 
paratus  is  designed  for  the 
rapid  approximate  estimation 
of  urea  employing  a  solution  of 
sodium  hypobromite  (see  Test 
Reagents,  Part  VI):  Dilute 
15  mils  of  sodium  hypobromite 
solution  with  15  mils  of  water, 
and  fill  the  long  arm  and  bend 
of  the  ureometer,  displacing  all 
of  the  air.  Then  after  wash¬ 
ing  and  drying  the  rubber- 
tipped  pipet  that  is  usually 
found  with  the  instrument, 
draw  up  in  the  jnpet  exactly 
1  mil  of  urine,  pass  the  pipet  through  the  bulb  of  the 
ureometer  as  far  as  it  will  go  ijt  the  bend,  and  gently  and 
steadily  compress  the  nipple  of  the  pipet.  The  urine  mixes 
with  the  hypobromite  solution  and  the  urea  is  immediately 
decom|)osed,  evoK  ing  nitrogen  gas  which  collects  in  the  long 
arm  of  the  apparatus.  After  the  urine  has  been  expelled  from 


P'ig.  C. — Doremus’  ureometer 
and  pi|)et.  (Su.xe.) 
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llic  pipct,  withdraw  it,  taking  care  not  to  introduce  air  from 
the  outside  into  the  ureometer.  Allow  the  instrument  to 
stand  one-half  hour  before  readin,<^  the  volume  of  "as  evolved. 
'I'he  ureometer  is  so  constructed  that  it  indicates,  accordin" 
to  its  graduation,  milligrams  of  urea  in  1  mil  of  urine  or 
grains  of  urea  in  1  iluidounce.  I'he  volume  percentage  is 
ascertained  by  multiplying  the 
milligrams  of  urea  found  in  the 
test  by  100. 

Many  forms  of  urcometers 
have  been  devised  and  are  in 
use  at  the  present  time,  the 
Hinds  modification  of  the  Dore- 
mus  ureometer  being  the  most 
popular  (Fig.  7).  This  form 
bears  a  graduated  side-arm  in 
which  the  urine  is  measured 
directly  into  the  hypobromite 
solution.  It  is  used  as  follows: 

1.  Fill  the  side-arm  with 
urine  and  allow  it  to  How  through  the  stop-cock  into  the 
body  of  ihe  ureometer  until  the  volume  in  the  side-arm 
reaches  the  zero  mark,  then  close  the  stop-cock. 

2.  Remove  the  e.xcess  urine  from  the  body  of  the  ureometer 
by  emptying  it  and  washing  it  at  least  three  times  with  water 
and  once  with  alcohol,  keeping  the  index-linger  over  the  small 
o[)ening  of  the  graduated  tube. 

d.  Without  removing  the  index-linger  from  the  graduated 


Fig.  7. —  I  toremus-Hinds’  niod- 
itication  of  ureometer  on  foot. 
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tube  fill  the  ureometcr  with  sodium  hypobromite  solution, 
using  enough  to  seal  the  opening  of  the  instrument,  at  the 
same  time  excluding  all  the  air. 

4.  Remove  the  index-finger  and  observe  the  volume  of 
urine  in  the  graduated  tube. 

5.  Allow  0.1  of  a  mil  of  urine  to  run  slowly  into  the  re¬ 
agent  and  continue  to  add  0.1  of  a  mil  of  urine  until  1  mil 
has  been  added.  Then  set  aside  until  the  gas  bubbles  dis¬ 
appear  and  the  temperature  of  the  room  is  reached. 

If  the  quantity  of  urea  is  very  low,  2  mils  of  urine  may  be 
used  in  the  determination.  If  the  urine  is  high  in  urea  con¬ 
tent,  0.5  mil  may  be  used  and  the  calculation  made  accord- 
higly. 

Before  taking  the  final  reading  the  apparatus  must  be  al¬ 
lowed  to  stand  until  the  gas  bubbles  have  disappeared  and 
the  room  temperature  is  reached,  and  the  level  of  the  liquid 
in  the  instrument  is  constant.  After  the  reading  is  taken  a 
small  quantity  of  the  urine  should  be  allowed  to  flow  into  the 
reagent  to  verify  the  presence  of  an  excess  of  the  reagent. 
The  following  precautions  must  be  observed  in  the  use  of  the 
instrument:  (1)  the  opening  in  the  stop-cock  must  be  filled 
w'ith  urine;  (2)  the  excess  of  urine  must  be  carefully  removed 
by  washing;  (3)  the  body  of  the  instrument  must  be  com¬ 
pletely  filled  with  reagent  and  all  air-bubbles  must  be  ex¬ 
cluded;  (4)  the  urine  must  be  allowed  to  run  slowly  into  the 
reagent  to  avoid  loss  of  gas  through  the  bulb;  (5)  il  the  urine 
contains  albumin,  this  must  be  removed  before  determining 
the  urea  content,  as  it  interferes  with  the  reaction. 


ORGANIC  CONSTITUENTS  OF  NORMAL  URINE  47 


Several  new  methods  for  the  delerniinalion  of  urea  have 
recently  been  su^f^estecl,  which  depend  upon  the  conversion 
of  urea  to  ammonium  compounds,  and  the  determination  of 
these  ammonium  compounds,  either  by  titration  or  color¬ 
imetric  methods.  These  methods  depend  upon  the  action  of 
the  enzyme  urease  on  urea.  It  has  been  found  that  this  en¬ 
zyme  urease,  which  is  found  in  Jack  bean  meal  or  ground  soy 
bean,  will  convert  urea,  under  the  proper  conditions,  to  am¬ 
monium  carbonate,  and  this  may  be  estimated  as  stated 
above. 


Fig.  8. — .\pparalus  used  in  aeration  method  for  the  estimation  of  urea. 

Arlco-Urease  Method  for  the  Estimation  of  Urea. — Make 
a  1  :  10  dilution  of  urine.  Take  5  mils  of  this  dilution  for  the 
test.  Place  in  a  lOO-mil  lube  fsee  Fig.  <S),  add  a  few  drops  of 
toluene  to  prevent  subsequent  foaming,  then  add  1  mil  of  a  15 
per  cent,  solution  of  arlco-urease.  Stopper  the  tube  and  allow 
to  stand  fifteen  minutes  at  20°  C.,  or  ten  minutes  at  25°  C. 
Then  connect  the  tube,  by  a  delivery  tube  through  its  stopper, 
with  a  second  tube  containing  25  niils  of  fiftieth  normal  hydro¬ 
chloric  acid.  .Aerate  the  digestion  mi.xture  for  a  half-minute 
after  the  reaction  is  complete  and  before  the  tube  is  opened. 
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in  order  to  prevent  loss  of  any  ammonia  fumes  in  the  upper 
part  of  the  tube.  Open  the  tube  and  add  5  grams  of  dry  po¬ 
tassium  carbonate,  close  quickly,  and  aerate  for  fifteen  min¬ 
utes  until  all  the  ammonia  gas  has  been  carried  into  the 
standard  acid.  Then  disconnect  the  apparatus  and  titrate 
the  excess  acid  solution  to  the  neutral  point  with  fiftieth  nor¬ 
mal  sodium  hydroxid,  using  phenolphthalein  as  an  indicator, 
d'he  number  of  mils  of  fiftieth  normal  acid  neutralized  by  the 
ammonia  from  the  urea  multiplied  by  0.12  gives  the  per  cent, 
of  urea  in  the  urine,  or  multiplied  by  0.056  gives  the  per  cent, 
of  urea  nitrogen.  Ordinarily,  with  the  proper  technic,  about 
twenty  minutes  is  required  to  complete  the  analysis,  pro¬ 
vided  the  apporatus  and  reagents  are  all  at  hand.  A  check 
test  should  always  be  made  under  the  same  conditions,  e.xcept 
that  the  urease  is  omitted.  This  gives  the  amount  of  am¬ 
monia  produced  by  the  action  of  the  alkali  on  all  nitrogenous 
substances  present  other  than  urea.  This  amount  is  deducted 
from  the  result  obtained  when  the  urease  is  present.  The 
aeration  in  this  test  is  usuallv  accomplished  with  a  suction 
pump. 

N.  B. :  Urease  tablets  may  be  obtained  from  Ilynson,  West- 
cott  &  Dunning. 


URIC  ACID,  H.C.,H-N403 

Uric  acid  is  also  known  as  lithic  acid.  Its  formula  is  fre¬ 
quently  re]')resented  by  HoU.  Chemically,  uric  acid  is  known 
as  tri-o.xy-])urin.  Tt  occurs  in  the  urine  as  the  salts  of  sodium, 
potassium,  ammonium,  and  calcium.  It  is  seldom  found  in 
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the  free  slate,  allhoue;h  it  may  be  present  in  strongly  acid 
urines.  Uric  acid  is  not  a  true  acid;  it  does,  however,  act  like 
an  acid  in  many  ways,  and  it  forms  two  series  of  salts — normal 
and  acid.  Its  ac|ueous  solution  is  acid  in  reaction.  W’heti 
])ure  it  occurs  as  colorless  rhombic  plates;  but  when  it  crystal¬ 
lizes  from  urine  it  is  generally  colored  cellowish  brown  due 


% 


to  the  urinary  ])igments,  and  the  crystals  are  polymorphic. 
It  is  almost  insoluble  in  water,  only  sparingly  soluble  in  hot 
water,  and  insoluble  in  alcohol  and  ether.  It  is  readily 
soluble  in  glycerin. 

/\  healthy  adult  on  a  mi.\ed  diet  excretes  about  0.7  gram  of 
uric  acid  in  twenty-four  hours.  More  than  1  gram  eliminated 
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in  twenty-four  hours  is  considered  alniormal.  Children  ex¬ 
crete  more  in  proportion  to  body  weight  than  adults.  The 
amount  of  uric  acid  excreted  in  twenty-four  hours  may  be 
increased  by  the  ingestion  of  foods  containing  nucleoproteins, 
such  as  liver,  pancreas,  spleen,  etc.;  also  by  the  ingestion  of 
a  meat  diet.  Certain  diseases,  such  as  pneumonia,  during 
the  adsorption  of  the  exudate,  and  some  forms  of  renal  dis¬ 
eases,  increase  the  amount  excreted. 

The  deposition  of  crystals  of  uric  acid  in  the  urine  on  stand¬ 
ing  must  not  be  regarded  as  indicative  of  an  increase  of  uric 
acid,  because  such  deposits  may  be  due  to  concentration  or  to 
hyperacidity  of  the  urine.  Free  uric  acid  is  abnormal  to  urine. 
When  it  occurs  the  condition  is  known  as  uric  acid  diathesis, 
which  is  a  constitutional  tendency  to  accumulate  uric  acid 
claimed  by  some  authorities  to  be  the  cause  of  certain  forms 
of  gout  and  rheumatism. 

Murexid  Test  for  Uric  Acid  and  Urates. — Evaporate  5  mils 
of  the  urine  in  a  small  evaporating  dish  to  diymess  on  a  water- 
bath.  Add  2  drops  of  concentrated  nitric  acid,  and  evaporate 
again  to  dryness;  a  yellow  residue  will  remain;  cool  and  add  2 
drops  of  ammoniun  hydroxid  test  solution;  if  uric  acid  is 
present  a  purplish-red  color  immediately  appears  which 
gradually  diffuses  as  the  ammonia  spreads.  The  nitric  acid 
in  this  test  converts  the  uric  acid  first  to  alloxan,  and  finally 
to  alloxanthin.  The  alloxanthin  combines  with  the  ammonia 
to  form  ammonium  purpurate  or  murexid. 

Phosphotungstic  Acid  Test  for  Uric  Acid. — To  10  mils  of 
the  filtered  urine  add  2  mils  of  Folin’s  phosphotungstic  acid 
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reagent,  then  add  15  mils  of  a  saturated  solution  of  sodium 
carbonate.  If  uric  acid  is  present  a  distinct  blue  color  is  ob¬ 
tained. 

Comparative  Test  for  Uric  Acid. — To  30  mils  of  the  filtered 
urine  add  10  mils  of  concentrated  hydrochloric  acid,  mi.x 
well,  and  allow  to  stand  twenty-four  hours.  If  a  deposit  of 
crystals  occurs,  uric  acid  is  present  in  increased  amounts.  If 
no  deposit  of  crystals  occurs,  uric  acid  is  not  increased. 

Ruhemann’s  Approximate  Estimation  of  Uric  Acid. — This 
is  a  quick  method;  although  it  does  not  give  accurate  results 
it  is  extremely  simple  and  may  be  used  for  general  clinical 
purposes  when  an  approximate  estimation  is  desired.  The 
method  is  based  upon  the  fact  that  uric  acid  decolorizes  iodin 
in  the  presence  of  carbon  disulphid,  and  from  the  amount  of 
urine  used  to  bring  about  this  decolorization  the  percentage 
of  uric  acid  present  may  be  read  off  directly.  In  this  test  the 
urine  must  be  acid  in  reaction  and  free  from  albumin  and 
sugar.  If  the  urine  is  alkaline  in  reaction,  it  should  be  ren¬ 
dered  slightly  acid  with  a  few  drops  of  acetic  acid.  Traces  of 
sugar  may  be  disregarded.  Albumin  is  usually  remo\-ed  by 
acidifying  the  urine  with  acetic  acid  and  boiling,  the  filtered 
urine  being  used. 

Technic. — Add  carbon  rlisulphid  to  the  uricometer  (see 
Figs.  10, 11)  so  that  the  lower  part  of  the  meniscus  touches  the 
graduation  at  S;  then  slowly  add  Ruhemann’s  iodin  solution 
until  the  upper  part  of  the  meniscus  touches  the  mark  J; 
then  add  the  urine  to  the  lowest  numbered  graduation  on 
the  tube  and  shake  well.  Continue  to  add  the  urine,  a  few 
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Fig.  10. — Kuhcniann’s  uricomctcr 
(Sa.xc). 


drops  at  a  time,  until  the  red¬ 
dish-brown  color  imparted  by 
the  iodin  in  the  carbon  disul- 
phid  changes  to  a  milky  white. 
This  is  the  end-point  of  the 
reaction.  The  addition  of  the 
urine  a  few  drops  at  a  time 
causes  the  reddish-brown  color 
of  the  iodin  to  change  first  to 
violet,  then  to  purple,  pink, 
pale  pink,  and  finally  to  white. 
It  should  require  from  ten  to 
twenty  minutes  to  complete 
the  test,  as  the  tube  should  be 
shaken  vigorously  for  half  a 
minute  after  each  addition  of 


n 


Fig.  11. — Ruhemaan’s  uricomctcr 
(new  form). 
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urine.  11  ihe  uric  acid  contenl  of  the  urine  is  low,  half 
the  amount  of  iodin  is  used  and  the  rest  of  the  gradua¬ 
tion  to  the  mark  J  is  tilled  with  distilled  water.  The 
reading  on  the  tube  is  then  di\ided  by  2.  However,  if 
the  uric  acid  content  is  high,  the  amount  of  iodin  solution 
is  doubled  and  the  reading  multiplied  by  2. 

Volumetric  Determination  of  Uric  Acid. — To  100  mils  of 
the  liltered  urine  add  10  grams  of  c.  p.  ammonium  sul¬ 
phate,  allow  to  stand  two  hours,  filter,  wash  the  residue  on  the 
filter  with  10  per  cent,  ammonium  suli)hate  solution  until  the 
washings  are  neutral  in  reaction.  Dissolve  the  residue  in  hot 
distilled  water,  add  15  mils  of  concentrated  sulphuric  acid, 
and  titrate  while  hot  with  twentieth-normal  potassium  per¬ 
manganate  solution  till  a  permanent  pink  color  is  obtained. 
'I'he  number  of  mils  of  twentieth-normal  potassium  perman¬ 
ganate  solution  multiplied  by  0.00575  shows  the  amount  of 
uric  acid  in  100  mils  of  the  urine.  From  this  amount  may  be 
calculated  the  amount  of  uric  acid  voided  in  twenty-four 
hours.  The  ammonium  sul|)hate  prevents  precipitation  of 
albumin  and  globulin  which  interfere  with  the  determi¬ 
nation. 

Gravimetric  Determination  of  Uric  Acid. — Aleasure  ac¬ 
curately  200  mils  of  filtered  albumin-free  urine,  add  15  mils 
of  concentrated  hydrochloric  acid;  allow  to  stand  twenty- 
four  hours  protected  from  dust  in  a  cool  ])lace.  Collect  the 
preci])italed  crystals  of  uric  acid  on  a  tared  filter-paper  and 
wash  with  cold  distilled  water.  Place  filter-paper  and  con¬ 
tents  in  drying  oven  to  dry;  finally,  place  them  in  a  desiccator 
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and  weigh  to  constant  weight.  Deduct  the  weight  of  the 
filter-paper  from  this  last  weighing,  thus  obtaining  the  weight 
of  uric  acid  in  200  mils  of  the  sample. 


PURIN  OR  XANTHIN  BASES 

It  has  been  found  that  certain  substances,  like  uric  acid, 
xanthin,  adenin,  guanin,  hypoxanthin,  theophyllin,  caffein, 
are  all  closely  related  substances,  derived  theoretically  from 
purin,  C5H4N4,  by  the  addition  of  groups  such  as  NH,  NH2, 
CH3,  and  O. 

Purin  is  a  white  crystalline  substance  melting  at  216°  C., 
and  readily  soluble  in  water.  It  acts  as  a  weak  base.  Two 
classes  of  purin  bases  occur  in  the  urine:  the  one  class,  known 
as  exogenous,  is  derived  from  the  nucleic  acid  of  the  nucleins 
in  foods,  while  the  other  class,  called  endogenous,  is  derived 
from  the  decomposition  of  the  tissues.  The  important  re¬ 
lationship  of  purin,  xanthin,  and  uric  acid  is  best  shown  by 
use  of  the  graphic  formulas: 


Purin 

.N:CH.C.NIL 


Xanthin 

.NH.CO.C.NR 


Uric  acid 

.NH.CO.C.Na 


CH 

\ 


CH  CO 


N - C.N 


^NH - C.N 


CH  CO 

\ 


CO 


NH - C.NH" 


Xanthin,  as  has  been  stated  above,  is  closely  related  to  uric 
acid,  and  the  xanthin  bases,  so  called,  form  a  large  group  of 
compounds  several  of  which  are  found  in  the  urine.  Xanthin, 
hypoxanthin,  adenin,  guanin,  paraxanthin,  heteroxanthin, 
episarkin,  and  epiguanin  are  usually  present.  The  amount 
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excreted  a  day  in  health  is  exceeding  small,  usually  from 
15  to  50  milligrams. 

Xanthin  is  the  most  important  member  of  this  grou]), 
closely  related  chemically  to  uric  acid,  uric  acid  being  tri- 
oxy-purin,  and  xanthin,  di-oxy-purin.  Xanthin  occurs  as 
hexagonal  plates,  and  differs  from  uric  acid  in  its  solubility 
in  ammonia  and  in  hydrochloric  acid. 

CREATIN  AND  CREATININ 

These  substances  are  closely  related  and  are  found  normally 
in  urine  in  small  amounts.  Creatinin  is  the  anhydrid  of 
creatin,  which  is  a  derivative  of  guanidin,  and  is  closely  allied 
to  the  purin  bases.  When  creatin  is  boiled  with  dilute  hy¬ 
drochloric  acid  it  loses  one  molecule  of  water  and  becomes 
creatinin.  Creatinin  when  warmed  with  an  alkali  is  converted 
to  creatin. 

Creatinin  is  a  normal  constituent  of  the  urine;  usually  from 
1  to  2  grams  are  excreted  in  twenty-four  hours;  part  of  it  is 
formed  from,  the  creatin  of  the  tissues,  and  a  part  of  it  is 
obtained  from  the  food  ingested. 

Jaffe’s  Method  for  the  Detection  of  Creatinin. — To  10 
mils  of  filtered  urine  add  5  drops  of  a  saturated  solution  of 
picric  acid  containing  10  per  cent,  of  sodium  hydroxid.  If 
creatinin  is  present  in  appreciable  amounts  a  red  color  is 
produced,  which  changes  to  yellow  upon  the  addition  of  a 
few  drops  of  glacial  acetic  acid.  If  sugar  is  present  a  red  color 
is  produced  only  when  the  mixture  is  heated.  The  quanti¬ 
tative  estimation  of  creatinin  is  based  upon  this  method. 
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HIPPURIC  ACID,  CH>,NH.C00H.C,;H5C0  OR  CjHoNOs 

Normal  urine  contains  small  amounts  of  hippuric  acid, 
from  0.1  to  1  gram  being  eliminated  in  twenty-four  hours, 
depending  upon  the  quantity  of  fruits  and  vegetables  ingested. 
Many  fruits,  such  as  cranberries,  plums,  prunes,  etc.,  contain 
benzoic  acid,  and  this,  in  the  presence  of  glycocoll,  which  is 
formed  in  the  pancreatic  digestion  of  proteins,  forms  hippuric 
acid.  Certain  drugs,  such  as  benzoates,  salicylates,  cinna- 
mates,  and  oil  of  bitter  almonds,  increase  the  output  of  hip¬ 
puric  acid.  Hippuric  acid  is  absent  in  the  urine  of  carnivora 
and  is  present  in  large  amounts  in  the  urine  of  herbivora. 
Hippuric  acid  occurs  as  vertical  prisms,  soluble  in  water  and 
alcohol,  its  solution  being  strongly  acid  in  reaction. 

Detection  of  Hippuric  Acid. — Evaporate  25  mils  of  urine 
to  dryness  on  a  water-bath,  and  wash  the  residue  with  a  little 
water  into  a  120-mil  Erlenmeyer  flask.  Add  2  mils  of  con¬ 
centrated  sulphuric  acid  and  allow  to  stand  twenty-four 
hours.  Filter,  dry  the  precipitate  in  a  drying  oven,  and  e.x- 
tract  with  two  15-mil  portions  of  acetic  ether.  Allow  to 
evaporate  spontaneously,  protected  from  dust.  Place  the 
crystals  so  obtained  in  a  dry  test-tube  and  heat;  if  hippuric 
acid  is  present  the  odor  of  bitter  almonds  is  noticed. 

TOTAL  NITROGEN 

Kjeldahl’s  Method. — Phis  method  converts  all  of  the  nitro¬ 
gen  present  to  ammonia  which  is  distilled  into  a  standard  acid 
solution,  the  excess  of  which  is  titrated  with  standard  alkali. 
'I'he  sample  is  first  treated  with  concentrated  sulpluiric  acid 
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which  converts  the  nili\)<;enous  sul)stances  to  ammonium 
sulphate;  the  ammonia  is  liberated  from  the  ammonium  sul- 
]>hate  1)V  the  action  of  a  stron"  solution  of  sodium  hydroxid, 
and  is  distilled  into  standard  acid  solution. 

Technic. — Pipet  5  mils  of  the  hltered  urine  into  a  medium¬ 
sized  Kjeldahl  digestion  dask  (Fig.  12),  add  2  small  crystals 
of  copper  sulphate  and  20  mils  of  concentrated  sulphuric 


l-'ig.  12. — Kjeldahl  digestion  llasks. 


acid,  and  15  grams  of  potassium  acid  sulidiate;  adjust  the 
flask  to  a  sui)i)ort,  place  in  a  hood,  and  heat  the  mi.xture  until 
it  becomes  colorless  and  white  fumes  begin  to  be  evolved. 
This  digestion  usually  takes  thirty  minutes.  Remove  the 
flame  and  allow  the  mixture  to  cool  for  five  minutes;  then  add 
50  mils  of  a  50  i)er  cent,  solution  of  sodium  hydroxid,  and  con¬ 
nect  prom])tly  with  a  condenser  bulb  and  condenser.  Collect 
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Fig.  13. — Digestion  shelf  used  in  nitrogen  determinations. 


Fig.  14. — Distillation  apparatus  used  in  nitrogen  determinations. 
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the  distillate  in  30  mils  t)f  tenth-normal  snl|)huric  acid 
that  contains  a  few  drops  of  a  1  per  cent,  solution  of 
jrhenolphthalein  as  an  indicator.  (Usually  about  25  mils  of 
distillate  are  collected.)  I'he  excess  of  standard  acid  used  is 
titrated  with  tenth-normal  sodium  hydroxid;  the  amount  of 
the  latter  used  to  titrate  the  residual  acid  present,  suhtmeted 
from  the  amount  of  acid  added,  multiirlied  by  the  factor  for 
nitrogen,  gic-es  the  amount  of  nitrogen  in  5  mils  of  the  urine. 
This  divided  by  5  and  multiplied  by  the  number  of  mils  of 
urine  voided  in  twenty-four  hours  gives  the  grams  of  nitrogen 
voided  in  twenty-four  hours. 

OXALIC  ACID,  H.C.O4,  (C00H)2 

Normally  from  0.2  to  0.5  gram  of  oxalic  acid  is  eliminated 
in  twenty-four  hours  as  the  calcium  salt.  Diseases  such  as 
obesity  and  diabetes  mellitus  increase  the  amount  excreted; 
also  the  ingestion  of  large  amounts  of  vegetables,  such  as 
rhubarb,  asparagus,  cabbage,  and  spinach,  increase  the 
amount.  The  calcium  salt  crystallizes  from  the  urine  and  is 
usually  detected  microscoincally.  Other  non-nitrogen  con¬ 
taining  organic  acids  are  studied  under  Abnormal  Constit¬ 
uents. 

NORMAL  URINARY  PIGMENTS 

Normal  urine  contains  various  pigments  and  chromogens; 
these  latter  as  a  class  are  colorless  substances,  which  under 
certain  conditions  not  entirely  understood  produce  pigments. 
.Among  the  normal  urinary  pigments  we  find  urochrome, 
uro-erythrin,  urobilin,  and  hematoporiihyrin. 


6o 


MANUAL  OF  URINE  ANALYSIS 


Urochrome  is  the  yellow  pigment  present  in  normal  urine, 
and  its  detection  is  not  important. 

Uro-erythrin  is  the  pink  colored  pigment  generally  present 
i]^  urate  sediments  and  is  thought  to  be  a  derivative  of 
skatol. 

Urobilin  occurs  in  urine  normally  as  a  colorless  chromogen, 
urobilinogen,  which  is  oxidized  by  the  action  of  light  and 
oxygen  to  urobilin,  an  amber-colored  pigment.  Its  composi¬ 
tion  is  indefinite. 

Detection  of  and  Comparative  Test  for  Urobilin. — To  10 
mils  of  a  sugar-  and  albumin-free  urine  add  5  mils  of  con¬ 
centrated  sulphuric  acid  and  allow  to  stand  five  minutes. 
If  urobilin  is  present  in  normal  amounts,  a  garnet-red  color 
develops  and  the  mixture  remains  transparent.  If  urobilin 
is  present  in  increased  amounts  the  garnet-red  color  develops 
and  the  mixture  becomes  opaciue.  If  urobilin  is  decreased  no 
garnet-red  color  develops  and  the  mixture  remains  trans¬ 
parent.  If  sugar  or  albumin  are  present  they  must  be  re¬ 
moved,  as  the  sulphuric  acid  precipitates  the  albumin  and 
carbonizes  the  sugar. 


AMMONIA,  NH, 

The  value  of  determining  the  ammonia  content  of  urine  is 
that  it  furnishes  an  approximate  index  to  the  amount  of  aci¬ 
dosis  ])resent  in  certain  diseases.  Normally  the  relation  be¬ 
tween  the  ammonia  and  the  total  nitrogen  content  is  a  con¬ 
stant  one,  subject  to  variation  due  to  diet.  Normal  urine 
contains  from  0.7  to  0.8  gram  of  ammonia  a  day  for  adults. 
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It  has  its  origin  in  the  amidogen  grouji  of  the  ])rotein  molecule 
and  is  set  free  during  the  digestion  of  the  i)roteins  in  the  intes¬ 
tines,  and  also  during  the  decomposition  of  the  amino-acids  in 
the  liver.  large  jK'rcentage  of  the  ammonia  fornuMl  in  the 
body  is  converted  to  urea  in  the  liver  and  is  excreted  as 
such. 

Volumetric  Determination  of  Ammonia. — To  25  mils  of 
the  filtered  urine  add  5  mils  of  a  saturated  solution  of  potas¬ 
sium  oxalate  and  2  or  3  drops  of  a  1  per  cent,  alcoholic  solu¬ 
tion  of  phenolphthalein  (the  latter  is  used  as  an  indicator). 
Titrate  with  tenth-normal  sodium  hydroxid  solution  until  a 
j)ermanent  pink  color  is  produced.  Then  add  5  mils  of  a  40 
j)er  cent,  solution  of  formaldehyd  and  retitrate  to  a  permanent 
pink  color.  Each  mil  of  tenth-normal  sodium  hydroxid  used 
in  the  second  titration  corresjionds  to  0.0017  gram  of  NH3. 
Alultiply  0.0017  by  the  number  of  mils  of  tenth-normal 
sodium  hydroxid  used,  which  gives  the  number  of  grams  of 
NH3  in  25  mils.  From  this  may  be  calculated  the  total  am¬ 
monia  outjnit  for  twenty-four  hours.  The  urine  must  be 
fresh  and  acid  in  reaction.  The  potassium  oxalate  and  phe¬ 
nolphthalein  must  be  neutral  in  reaction. 

Aeration  Method  for  the  Determination  of  Ammonia. — 
.Accurately  measure  25  mils  of  urine  and  jdace  in  apparatus 
described  under  Aeration  Test  for  Urea,  page  47,  Fig.  8;  add 
2  mils  of  toluene  and  10  grams  of  sodium  carbonate.  Place 
a  measured  Cjuantity  of  tenth-normal  sulphuric  acid  in  the 
second  tube  and  aspirate  for  one  or  two  hours.  The  air 
carries  the  ammonia  liberated  over  ii\lo  the  standard  acid 
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solution  and  neutralizes  part  of  it.  The  residual  acid  is  ti¬ 
trated  with  tenth-normal  sodium  hydroxid;  the  number  of 
mils  of  tenth-normal  acid  neutralized  by  the  ammonia,  mul¬ 
tiplied  by  0.0017,  gives  the  number  of  grams  of  ammonia  in 
25  mils  of  the  sample. 

Folin’s  Microchemic  Method  for  the  Determination  of  Am¬ 
monia. — In  this  method  the  ammonia  is  set  free  as  described 
in  the  previous  determination,  using  from  1  to  5  mils  of  urine. 
The  amount  of  ammonia  liberated  is  exceedingly  small.  It 
is  received  in  2  mils  of  tenth-normal  sulphuric  acid,  diluted 
with  ammonia-free  water,  and  the  ammonia  is  determined 
colorimetrically  by  Nessler’s  method  as  used  in  water  anal¬ 
ysis. 


Chapter  VI 


INORGANIC  CONSTITUENTS  OF  NORMAL  URINE 

CHLORIDS  . 

The  important  inorganic  constituents  are  the  chlorids, 
phosphates,  and  sulphates;  these  are  usually  combined  with 
sodium,  potassium,  ammonium,  calcium,  and  magnesium. 
There  are  present,  also,  traces  of  iron,  silicic  and  hydro¬ 
fluoric  acids,  gaseous  nitrogen,  oxygen,  and  carbon  dioxid, 
together  with  minute  quantities  of  the  carbonates  of  the  al¬ 
kali  metals. 

The  principal  chlorid  in  the  urine  is  sodium  chlorid,  and  its 
eliminatiem  in  certain  disease  conditions  is  important.  Nor¬ 
mally  from  10  to  16  grams  of  coml)ined  chlorids  are  eliminated 
in  twenty-four  hours,  corresponding  to  from  6  to  10  grams  of 
chlorin.  These  quantities,  however,  are  subject  to  variation 
depending  upon  the  diet. 

Chlorids  are  usually  increased  by  the  ingestion  of  salty 
foods,  and  also  in  disease,  such  as  diabetes  mellitus  and 
insipidus,  or  in  chronic  interstitial  nephritis,  especially  during 
the  adsorption  of  the  exudate.  A  restricted  diet,  hemorrhage, 
free  diarrhea,  and  excess  vomiting  have  a  tendency  to  de¬ 
crease  the  amount  of  chlorids  eliminated. 
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Comparative  Test  for  Chlorids. — To  10  mils  of  a  trans- 
jiarent  albumin-free  urine  add  1  mil  of  nitric  acid  test  solu¬ 
tion  and  shake  well,  then  1  drop  of  a  1  :  8  solution  of  silver 
nitrate.  If  the  drop  of  silver  nitrate  forms  a  solid  mass  and 
sinks  to  the  bottom  of  the  test-tube,  chlorids  are  present  in 
normal  amounts.  If  the  drop  diffuses  through  the  liquid  and 
forms  a  turbidity  or  curdy  precipitate,  chlorids  are  present  in 
decreased  amounts.  If  no  precipitate  is  formed,  chlorids  are 
absent.  The  nitric  acid  is  used  in  the  test  to  prevent  precip¬ 
itation  of  phosphates.  If  albumin  is  present  it  must  be  re¬ 
moved  with  acetic  acid  and  heat  as  described  under  Urea. 
Albumin  forms  a  turbidity  with  nitric  acid. 

Volumetric  Estimation  of  Chlorids. — The  method  employed 
here  is  a  modification  of  Volhard’s  method.  An  excess  of  a 
standard  silver  nitrate  solution  is  used  and  the  excess  is  back 
titrated  with  a  standard  ammonium  thiocyanate  solution, 
using  ferric  ammonium  sulphate  as  an  indicator. 

Preparation  of  Standard  Silver  Nitrate  Solution. — Dissolve 
29.06  grams  of  chemically  pure  silver  nitrate  in  enough  dis¬ 
tilled  water  to  make  1000  mils.  Each  mil  of  this  solution  is 
equivalent  to  0.01  gram  of  sodium  chlorid. 

Preparation  of  Standard  Ammonium  Thiocyanate  Solu¬ 
tion. — Weigh  13.5  grams  of  chemically  pure  ammonium  thio¬ 
cyanate  and  dissolve  it  in  900  mils  of  distilled  water. 
Titrate  this  against  the  standard  silver  nitrate  solution  and 
calculate  the  amoui^t  of  water  necessary  to  make  it  equiv¬ 
alent  to  the  silver  nitrate  solution. 

Preparation  of  the  h'erric  Ammonium  Sulphate  Indicator. 
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Dissolve  100  grains  of  unefiloresced  ferric  ammonium  suli)hale 
in  100  mils  of  25  per  cent,  nitric  acitl. 

Technic. — Pipet  5  mils  of  the  urine  into  a  6-inch  evaiporat- 
ing  dish,  add  25  mils  of  distilled  water  and  5  mils  of  the  in¬ 
dicator.  From  a  buret  run  in  10  mils  of  the  standard  silver 
nitrate  solution,  thus  precipitating  all  of  the  chlorids.  Titrate 
the  residual  silver  nitrate  solution  with  the  standard  am¬ 
monium  thiocyanate  to  the  first  appearance  of  a  permanent 
reddish-brown  coloration.  The  mixture  must  be  constantly 
stirred  during  the  addition  of  the  ammonium  thiocyanate 
solution.  By  subtracting  the  number  of  mils  of  ammonium 
thiocyanate  used  in  the  residual  titration  from  the  number 
of  mils  of  silver  nitrate  added  in  the  beginning  of  the  titra¬ 
tion,  and  multiplying  by  0.01,  the  number  of  graius  of  soflium 
chlorid  in  5  mils  is  obtained.  From  this  may  be  calculated 
the  twenty-four-hour  cpiantity. 

Purdy’s  Centrifugal  Method. — Place  10  mils  of  the  trans¬ 
parent  albumin-free  urine  into  the  percentage  tube,  add  1 
mil  of  nitric  acid,  followed  by  4  mils  of  a  1  :  8  solution  of 
silver  nitrate.  Close  the  tube  and  invert  to  insure  projier 
mixing  and  allow  to  stand  to  secure  complete  i^reciiritation. 
Then  centrifugalize  for  three  minutes  and  the  percentage  of 
silver  chlorid  may  be  read  off  directly.  Each  bulk  percentage 
of  silver  chlorid  is  equivalent  to  0.08  per  cent,  of  chlorin  or 
0.15  per  cent,  of  sodium  chlorid  by  weight.  (See  table  on 
page  60.) 
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PURDY’S  CENTRIFUGAL  TABLF:— CIILORIDS 


Normally  from  ^  lo  1  per  cent.,  or  10  to  15  graois  in  Iwcniy-foitr  hours. 


Bulk 
per  cent. 

AgCl. 

Per  cent, 
of  \aCl. 

Cirams 
por  liter 
NaCl. 

(!  rains 
per  ounce 
NaCl. 

Bulk 
per  cent. 
AgCl. 

Per  rent. 
of  NiiCI. 

Grams 
per  liter 
NaCl. 

Grains 
per  ounce 
NaCl. 

1 

4 

0.03 

0.3 

0.15 

8 

1.04 

10.4 

4.98 

0.07 

0.7 

0.31 

1.10 

11.0 

5.29 

3 

4 

0.10 

1.0 

0.47 

9 

1.17 

11.7 

5.60 

1 

0.13 

1.3 

0.62 

1.23 

12.3 

5.91 

n 

0.16 

1.6 

0.78 

10 

1.30 

13.0 

6.22 

n 

0.19 

1.9 

0.93 

lot 

1 .36 

13.6 

6.53 

If 

0.23 

2.3 

1.09 

11 

1.43 

14.3 

6.84 

2 

0.26 

2.6 

1.24 

1L| 

1.49 

14.9 

7.20 

2f 

0.29 

2.9 

1.41 

12 

1 . 56 

15.6 

7.46 

01 

^2 

0.32 

3.2 

1.56 

12.| 

1.62 

16.2 

7.78 

2-3- 

■^4 

0.36 

3.6 

1.71 

13 

1.69 

16.9 

8.09 

3 

0.39 

3.9 

1.87 

13.J 

1.75 

17.5 

8.40 

0.42 

4.2 

2.02 

14 

1.82 

18.2 

8.71 

3^ 

0.45 

4.5 

2.18 

14t 

1.88 

18.8 

9.02 

3f 

0.49 

4.9 

2.35 

15 

1.94 

19.4 

9.33 

4 

0.52 

5.2 

2.49 

151 

2.01 

20.1 

9.65 

41 

0.55 

5.5 

2.64 

16 

2.07 

20.7 

9.94 

41 

0.58 

5.8 

2.80 

161 

2.14 

21.4 

10.27 

4f 

0.62 

6.2 

2.96 

17 

2.20 

22.0 

10.51 

5 

0.65 

6.5 

3.11 

17.t 

2.27 

22.7 

10.87 

51 

0.71 

7.1 

3.42 

18 

2.33 

23.3 

11.20 

6 

0.78 

7.8 

3.73 

18.1 

2.40 

24.0 

11.51 

61 

0.84 

8.4 

4.05 

19 

2.46 

24.6 

11.82 

7 

0.91 

9.1 

4.35 

19.} 

2.53 

25.3 

12.13 

7' 

'  2 

0.97 

9.7 

4.67 

20 

2 . 59 

25.9 

12.44 

PHOSPHATES 

Normally  from  2.5  to  5.5  grams  of  phosphoric  acid  are 
eliminated  as  the  monohydric  and  dihydric  phosi:)hates  of 
sodium,  potassium,  calcium,  and  magnesium.  The  reaction 
of  acid  urine  is  chielly  due  to  the  presence  of  the  dihydric 
salts,  and  the  amphoteric  reaction  to  the  monohydric  salts. 
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Two  classes  of  jihosphates  occur  in  tlie  urine — the  alkaline 
and  alkaline  earth  phosphates.  Tlie  alkaline  phosphates 
(Xa  and  Ki  arc  soluble  in  water  and  alkalies,  and  therefore 
remain  in  solution  when  urine  underfj;oes  ammoniacal  fermen¬ 
tation.  The  normal  alkaline  earth  phosphates  are  insoluble 
in  water,  but  are  soluble  in  dilute  acids  forming  the  acid  phos- 
l)hates  (CaIIP04).  The  alkaline  earth  idiosphates  are  con¬ 
verted  to  the  normal  phosphates  and  precipitate  as  a  heavy 
amorphous  precipitate  when  urine  undergoes  ammoniacal 
fermentation.  This  same  precipitate  is  obtained  when  faintly 
acid,  neutral,  or  alkaline  urines  are  heated,  because  the  heat¬ 
ing  con\-erts  the  acid  phosphate  to  the  normal  phosphate  to¬ 
gether  with  some  superphos]>hate  which  remains  in  solution. 
.A  few  drops  of  a  dilute  acid  usually  redissolves  the  preeij)!- 
tated  phosphate.  Phosphates  in  the  urine  are  derived  from 
the  phosphorus  in  the  phosphorus-containing  foods,  from  in¬ 
gested  inorganic  phosphates,  and  also  from  the  protein  of 
the  tissues  of  the  body  which  contain  phosphorus.  Phos¬ 
phates  are  usually  determined  quantitatively  and  reported 
in  terms  of  jdiosphoric  anhydrid  (IbO.r,). 

Phosphaturia. — A  i)hosphaturia  is  an  increase  in  the  quan¬ 
tity  of  P2O5  eliminated  over  the  normal  amount.  The  term 
is  frequently  incorrectly  used.  It  does  not  necessarily  mean 
that  a  deposit  of  |)hos])hates  in  the  urine  is  a  phosphaturia, 
because  a  change  in  the  reaction  of  the  urine  may  cause  pre¬ 
cipitation  of  phosphates,  and  this  is  not  a  phosphaturia. 

Comparative  Test  for  Phosphates  (.Alkaline  Earth  Plios- 
phates). —  I'o  10  mils  ol  the  filtered  urine  add  ammonium 
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hydroxid  T.  S.,  until  the  odor  of  ammonia  persists  after  shak¬ 
ing.  Allow  to  stand  one-half  hour.  If  no  precipitate  forms, 
alkaline  earth  phosphates  are  absent.  If  from  4  to  |  inch 
of  precipitate  forms,  alkaline  earth  phosphates  are  present  in 
normal  amounts.  If  the  precipitate  is  less  than  |  inch  in 
bulk,  alkaline  earth  phosphates  are  present  in  decreased 
amounts.  If  the  precipitate  is  more  than  |  inch  in  bulk 
alkaline  earth  phosphates  are  present  in  increased  amounts. 

Comparative  Test  for  Alkaline  Phosphates. — Remove  the 
alkaline  earth  phosphates  from  10  mils  of  a  filtered  urine 
using  the  test  above,  then  add  10  mils  of  magnesia  mixture 
and  allow  to  stand  overnight.  If  no  precipitate  forms,  alka¬ 
line  phosphates  are  absent.  If  from  ^  to  f  inch  of  bulk 
precipitate  forms,  alkaline  phosphates  are  present  in  normal 
amounts.  If  the  precipitate  is  less  than  |  mch  in  bulk, 
alkaline  phosphates  are  present  in  decreased  amounts.  If 
the  precipitate  is  more  than  f  inch  in  bulk,  alkaline  phos¬ 
phates  are  present  in  increased  amounts. 

Volumetric  Determination  of  Phosphates. — The  following 
solutions  are  required:  Standard  solution  of  sodium  acetate, 
standard  solution  of  sodium  ammonium  hydrogen  phosphate, 
standard  solution  of  uranium  nitrate,  and  a  10  per  cent, 
solution  of  potassium  ferrocyanid.  (See  Reagents,  Part  VI.) 

Technic. — Place  50  mils  of  filtered  urine  in  a  250-mil 
Erlenmeyer  flask,  add  5  mils  of  the  standard  sodium  acetate 
solution,  and  heat  almost  to  boiling.  Then  add  from  a  buret 
the  standard  uranium  nitrate  solution,  a  few  tenths  of  a 
mil  at  a  time,  until  [)recipitation  api)ears  to  be  complete. 
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Xoniially:  0.17-0:26  per  cent.,  or  1. 7-2.6  grams  per  liter;  or  2.5-3.5 
grams  in  tvcnty-foiir  hours. 


niiik 
per  rent  . 
lULOi) 
PO.. 

Per  cent. 
I'iOi. 

Cirams 
per  liter 

P:0.. 

drains 
per  ounce 
PiOi 

Hulk 
per  cent. 
lld’Od 
PO4. 

Per  cent. 
P2U6. 

tJrams 
per  liter 
PsOi. 

Grains 
per  ounce 
P20i. 

1 

2 

0.02 

0.20 

0.10 

11 

0.14 

1.40 

0.67 

1 

0.04 

0.40 

0.19 

12 

0.15 

1 . 50 

0.72 

U 

0.045 

0.45 

0.22 

13 

0.16 

1.60 

0.77 

2 

0.05 

0.50 

0.24 

14 

0.17 

1.70 

0.82 

2i 

0.055 

0 . 55 

0.26 

15 

0.18 

1 .80 

0.86 

3 

0.06 

0.60 

0.29 

16 

0.19 

1.90 

0.91 

v>2 

0.065 

0.65 

0.31 

17 

0.20 

2.00 

0.96 

4 

0.07 

0.70 

0.34 

18 

0.21 

2.10 

1.00 

^2 

0.075 

0.75 

0.36 

19 

0.22 

2.20 

1.06 

5 

0.08 

0.80 

0.38 

20 

0.23 

2.30 

1.10 

6 

0.09 

0  90 

0.43 

21 

0.24 

2.40 

1.15 

7 

0.10 

1.00 

0.48 

22 

0.25 

2.50 

1.20 

8 

0.11 

1.10 

0.53 

23 

0.26 

2 . 60 

1.25 

9 

0.12 

1.20 

0.58 

24 

0.27 

2.70 

1.30 

10 

0.13 

1.30 

0  62 

25 

0.28 

2.80 

1.35 

Remove  a  drop  of  the  mixture  in  the  Erlenmeyer  flask  to  a 
porcelain  color  test  plate  and  mix  it  with  a  drop  of  a  10  per 
cent,  solution  of  potassium  ferrocyanid;  if  the  end-point  in  the 
titration  is  reached,  a  brownish-red  color  should  be  produced. 
If  it  does  not  appear,  continue  to  add  the  standard  uranium 
nitrate  solution  until  the  brownish-red  color  does  ajipear. 
The  number  of  mils  of  standard  uranium  nitrate  solution 
used  in  the  titration  multiplied  by  0.005  ttives  the  number  of 
grams  of  P2O0  in  50  mils  of  the  urine.  From  this  may  be 
calculated  the  twenty-four-hour  quantity. 

Purdy’s  Centrifugal  Method. — Place  10  mils  of  the  hi- 
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tered  urine  inlo  the  i)ercentage  tuljc,  add  2  mils  of  50  per 
cent,  acetic  acid,  shake,  and  then  add  3  mils  of  a  5  per  cent, 
solution  of  uranium  nitrate.  Close  the  tube  and  invert  to 
insure  [proper  mixing  and  allow  to  stand  four  minutes  to  se¬ 
cure  complete  precipitation.  Then  centrifugalize  for  three 
minutes.  Each  bulk  percentage  of  uranium  phosphate  formed 
is  ecjuivalent  to  0.04  per  cent,  of  P2O5.  The  method  of  Purdy 
is  rapid  and  convenient,  and  also  is  sufficiently  accurate  for 
comparative  estimations.  (See  table  on  j^age  69.) 

SULPHATES 

Three  classes  of  sulphates  occur  in  the  urine:  (1)  the  min¬ 
eral  or  inorganic  sulphates  of  sodium,  potassium,  calcium, 
and  magnesium ;  (2)  the  ethereal  sulphates,  i.  c.,  sulphuric  acid 
combined  with  aromatic  substances,  such  as  indol,  skatol, 
phenol,  cresol,  etc.;  (3)  the  neutral  sulphates  and  partially 
oxidized  sulphur-containing  compounds,  such  as  cystin, 
taurin,  hydrogen  sulphid,  the  thiosulphates,  etc.  Classes  one 
and  two  form  approximately  90  per  cent,  of  the  total  sulifiniric 
acid  eliminated.  The  sulphates  of  the  urine  are  derived 
])artly  from  the  ingestion  of  foods  containing  sulphur  in  their 
molecular  structure,  and  from  the  decomposition  of  the  pro¬ 
tein  molecule  of  the  tissues.  About  2.5  grams  of  combined 
sulphuric  acid  are  elminated  during  twenty-four  hours.  The 
sul])hates  are  exceedingly  soluble  and  are  rarely  found  in  the 
microscopic  sediment. 

Comparative  Test  for  Sulphates. — To  10  mils  of  the  fil¬ 
tered  urine  in  a  test-tube  add  1  mil  of  concentrated  hydro- 
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chloric  aciil,  and  d  mils  of  a  10  per  cent,  solution  of  barium 
chlorid,  mix  by  inversion,  and  allow  to  stand  one-half  hour  to 
insure  complete  preci])itation.  If  no  i)recipitate  forms,  sul- 
]ihates  are  absent.  If  the  precipitate  tills  one-half  the  cur¬ 
vature  of  the  test-tube,  sulphates  are  reported  as  normal. 
If  the  precipitate  tills  more  than  one-half  the  curvature  of 
the  test-tube,  sulphates  are  reported  as  increased.  If  the 
precii)itate  tills  less  than  one-half  the  curvature  of  the  test- 
tube,  sulphates  are  reported  as  decreased. 

Gravimetric  Determination  of  Sulphates. — To  50  mils  of 
the  filtered  urine  add  5  mils  of  concentrated  hydrochloric 
acid  and  lioil  for  fifteen  minutes  to  decompose  the  ethereal 
sulphates.  Then  add  barium  chlorid  test  solution  until  pre¬ 
cipitation  is  complete.  Boil  the  mixture,  and  filter,  collecting 
the  precipitate  on  a  fiuantitati\  e  fdter-paper.  Wash  with  hot 
distilled  water  until  the  filtrate  is  free  from  barium  chlorid. 
Idle  precipitate  is  then  washed  with  alcohol  and  ether  to  re¬ 
move  resinous  matter,  and  then  jdaced  in  a  drying  oven  to 
dry.  The  filter-paper  and  its  contents  are  next  ignited  in  a 
jilatinum  crucible,  using  a  few  drojis  of  concentrated  nitric 
acid  near  the  end  of  the  ignition  to  help  oxidi/.e  any  barium 
sulphid  formed  to  barium  sulphate.  It  is  then  {ilaced  in  a 
desiccator  to  dry  and  weighed  to  constant  weight.  From  the 
weight  of  the  barium  suljihate  obtained  the  percentage  of 
SO3  in  50  mils  may  be  calculated,  and  from  this  mav  be 
calculated  the  twenty-four-hour  amount. 

Determination  of  Mineral  or  Inorganic  Sulphates.  -  -d  o  50 
mils  of  urine  in  a  250-mil  Krlenmeyer  Hash  add  4  mils 
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PURDY’S  CENTRIFUGAL  TABLE— SULPHATES 


Normally:  0. 1-0.2  per  ccnl.,  or  1-2  grams  per  liter. 


Bulk 
ppr  cent. 
Ba.SOi. 

Per  cent. 
SO3. 

Clrams 
per  liter 

SO3. 

Grains 
per  ounce 
SO3. 

Bulk 
per  cent. 
BaSOi. 

Per  Pent. 
SO3. 

Grams 
per  liter 
SO3. 

Grains 
per  ounce 
SO3. 

1 

8 

0 

04 

0 

40 

0 

19 

0.55 

5 

50 

2.64 

1 

4 

0 

07 

0 

70 

0 

34 

2h 

0.61 

6 

10 

2.93 

3 

8 

0 

10 

1 

00 

0 

48 

0.67 

6 

70 

3.22 

1 

2 

0 

13 

1 

30 

0 

62 

3 

0.73 

7 

30 

3.50 

5 

8 

0 

16 

1 

60 

0 

77 

3f 

0.79 

7 

90 

3.79 

3 

4 

0 

19 

1 

90 

0 

91 

3i 

0,85 

8. 

50 

4.08 

7 

8 

0 

22 

2 

20 

1 

06 

'^4 

0.91 

9, 

10 

4.37 

1 

0 

25 

2 

50 

1 

10 

4 

0.97 

9. 

70 

4.66 

1? 

0 

31 

3 

10 

1 

49 

41 

1.03 

10 

30 

4.94 

U 

0 

37 

3 

70 

1 

78 

41 

1.09 

10 

90 

5.23 

If 

0 

43 

4 

30 

2 

06 

4f 

1.15 

11 

50 

5.52 

2 

0 

49 

4 

90 

2 

35 

5 

1.21 

12 

10 

5.81 

concentrated  hydrochloric  acid  and  boil  gently  for  one-half 
hour.  Cover  the  flask  with  a  small  watch-glass  to  prevent 
loss  of  liquid  by  spattering.  Then  cool  in  running  water  for 
five  minutes,  and  dilute  with  cold  distilled  water  to  make  150 
mils.  To  this  add  10  mils  of  barium  chlorid  test  solution, 
care  being  taken  not  to  agitate  the  mixture.  Allow  to  stand 
two  hours,  then  shake  well,  and  filter  through  a  quantitative 
filter-paper.  Wash  with  cold  distilled  water,  using  about  2(X) 
mils,  discarding  the  washings.  The  precipitate  is  then  dried 
at  100°  C.,  ignited  in  a  tared  platinum  crucible  in  a  manner 
described  in  the  jirocess  above.  The  remainder  of  the  proc¬ 
ess  is  as  described  above. 

The  ethereal  suli)hates  are  usually  not  determined  sepa¬ 
rately,  as  the  difference  between  the  total  suljfiiates  and  the 
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inorganic  sulphates  represents  the  amount  of  ethereal  sul¬ 
phates  in  the  sample. 

Purdy’s  Method  for  the  Estimation  of  Sulphates. — Place 
10  mils  of  the  filtered  urine  in  a  percentage  tube  and  add  5 
mils  of  a  barium  chloric!  mixture  consisting  of  4  parts  of 
barium  chloric!,  1  part  of  hydrochloric  acid,  and  16  parts  of 
distilled  water.  Mix  by  inversion  to  insure  complete  pre¬ 
cipitation,  and  allow  to  stand  five  minutes.  Then  centrif- 
ugalize  for  three  minutes.  Each  bulk  percentage  of  barium 
sulphate  represents  approximately  0.25  per  cent,  of  SO3  by 
weight.  (See  table  on  page  72.) 

CARBONATES 

Normal  urine,  being  generally  acid  in  reaction,  is  free  from 
carbonate.  Decomposed  urine  usually  contains  some  car¬ 
bonate.  Frecjuently  freshly  voided  urine  is  alkaline  in  re¬ 
action;  this  may  be  due  to  the  presence  of  small  amounts  of 
bicarbonate  and  carbonate  of  the  alkaline  metals.  The  in¬ 
gestion  of  tartrates,  lactates,  succinates,  and  other  vegetable 
acids  will  cause  their  jiresence  in  the  urine.  Urines  contain¬ 
ing  carbonates  are  usually  turbid  when  voided,  and  on  cooling 
deposit  a  sediment  consisting  of  calcium  carbonate  and  phos¬ 
phate. 

OTHER  INORGANIC  SUBSTANCES 

Iron,  silicic  and  hydrolluoric  acids,  carbon  dioxid,  gaseous 
nitrogen,  and  oxygen  are  occasionally  found  in  urine,  but  are 
of  no  special  clinical  significance. 

The  alkaline  and  alkaline  earth  metals  are  Jiot  estimated 
in  the  regular  examination  of  urine. 


PART  III 

CHEMICAL  CHARACTERISTICS  OF  THE  URINE. 
ABNORMAL  CONSTITUENTS 

Chapter  VH 

CARBOHYDRATES 

Carbohydrates  may  occur  in  the  urine  as  dextrose  (glu¬ 
cose),  pentose,  levulose,  lactose,  maltose,  and  glycogen. 
Cane-sugar  or  sucrose  is  rarely  if  ever  found.  Closely 
related  substances,  such  as  gums  and  dextrin,  are  occasion¬ 
ally  found. 

The  presence  of  glucose  in  the  urine  of  a  healthy  individual 
is  still  a  subject  of  wide  discussion,  as  some  authorities  seem 
inclined  to  believe  that  small  amounts  of  sugar  may  occur 
in  the  urine  under  certain  normal  conditions,  and  that  these 
quantities,  i.  c.,  from  O.Ol  to  O.Od  per  cent.,  cannot  be  detected 
by  the  ordinary  methods.  When  glucose  is  persistently 
present  in  the  urine  it  indicates  an  abnormal  condition,  and 
is  known  as  diabetes  mellitus,  also  a  glycosuria.  This  is  a 
very  serious  condition  in  young  people,  usually  terminating 
in  death;  with  middle-aged  people  or  those  advanced  in 
years  it  is  not  so  serious.  The  disease  is  a  mysterious  one, 
invoh'ing  the  kidneys,  brain,  liver,  and  pancreas.  A  tran¬ 
sitory  presence  of  sugar  in  the  urine  is  known  as  a  physiologic 
glycosuria. 

When  glucose  is  jrresent  in  urine  the  physical  characteris¬ 
tics  are  usually  affectefl.  The  amount  voided  in  twenty-four 
hours  is  generally  increasetl,  the  color  high,  the  reaction 
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Carbohydrates 
( Irajx'-sugar  (( V.IInl  )g). 

I'rui  t-suga  r  (Cr.  1 1 1 2^  Ii;)  • 
Milk-sugar  (Ci..ll220n). 

Malt  -sugar  (C 1 2I  1 1) . 

Pentoses  (C.,lIioUi). 

Olyconuric  acid  (Ci-.IIuiO?). 

Diacetic  Acid 
CII3.CO.CII2.COOII 
Found  in  diabetes,  juieumonia, 
tATihoid,  scarlatina,  variola,  ma¬ 
lignant  tumors,  chloroform  nar¬ 
cosis,  star\ation,  mental  dis¬ 
eases,  and  certain  forms  of  di- 
gesti\  e  disorders. 

IXDICAX 

CJLNOSOjK 

“Potassium  indo.\yl-sul])hat(?.” 
Found  in  gastro-intcstinal  dis¬ 
turbances,  in  obstruction  of  the 
small  intestine,  cholera,  tjqihoid, 
intestinal  tuberculosis,  jierito- 
nitis,  cancer  of  the  stomach, 
li\’er.  and  intestines. 

I)Ile-i>ic.\:e.\ts 
Bilirubin,  bil- 
iverdin,  etc., 
caused  by  ob¬ 
struction  of  the 
outllow  of  bile 
from  the  li\er, 
blood  changes  in 
se\ere  anemias, 
hemorrhage  into 
the  tissues. 


Proteins 

Serum  albumin,  serum  globulin. 

[  1  leuteroproteose. 
Proteoses  a  Ileterojiroteose. 

[“Bence-Jones’  body.” 
Peiitonc,  Nucleoiirotein. 
h'ibrin,  O.vyhemoglobin. 

.Acetone 

(CIDiCO 

Found  in  advanced  diabetes, 
malignant  scarlatina,  diphtheria, 
measles,  gastric  or  intestinal 
cancer,  and  nervous  disorders. 


Hemoglobin 

Found  in  severe  infectious  dis¬ 
eases,  yellow  fever,  malignant 
smallpox  or  scarlet  fever,  third 
degree  burns,  carliolic  acid,  i)hos- 
phorus,  and  naphthol  [loisoning. 


CvsTiN 

CoII,2N204S2 

C’ystin  usually 
has  a  tendency 
to  form  urinary 
calculi. 


Fat 
Usually 
occurs  in 
li])uria  or 
chvluria. 


;8-0NVBITTYRIC 

.Acid 

Ulhi.CIIOir.- 

(’1I...C()()II 

Found  in  ad¬ 
vanced  diabetes 
s  c  a  r  1  a  t  i  n  a 
diphtheria,  mea¬ 
sles,  and  scurvy. 
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distinctly  acid,  the  specific  gravity  ranging  between  1.025 
and  1.045,  and  the  odor  sweetish;  the  urine  ferments  rapidly 
in  a  warm  place,  and  when  shaken  a  persistent  foam  forms, 
which  disappears,  leaving  a  thin,  almost  imperceptible  scum. 
Glucose  as  it  occurs  in  the  urine  responds  to  the  ordinary 
tests  for  this  substance,  but  urine  also  contains  other  sub¬ 
stances  which  react  in  a  similar  manner. 

The  tests  for  sugar  are  numerous,  and  most  of  them  de¬ 
pend  upon  the  fact  that  glucose  acts  as  a  reducing  agent  with 
copper  salts.  Chemically  glucose  is  a  monosaccharid,  belong¬ 
ing  to  the  aldose  class;  that  is,  it  has  the  behavior  of  an  al- 
dehyd,  and  also  of  a  polyatomic  alcohol.  Therefore,  glucose 
is  an  active  reducing  agent;  it  reduces  solutions  of  gold, 
silver,  platinum,  and  copper  to  the  metallic  state.  Its 
aqueous  solutions  are  readily  fermentable  with  yeast  at  or¬ 
dinary  temperature.  With  phenylhydrazin  hydrochlorid 
and  gentle  heat  it  forms  fine  needle-shajred  cr}’stals  of  phe- 
nylglucosazone,  which  may  be  identified  microscopically. 

DETECTION  OF  GLUCOSE  IN  THE  URINE 

Note. — Before  applying  any  of  the  following  tests,  albumin, 
if  present,  must  be  removed  by  adding  a  few  drops  of  acetic 
acid  and  boiling,  filtering,  and  using  the  filtrate  for  the  tests. 

Trommer’s  Test. — To  5  mils  of  the  filtered  albumin-free 
urine  add  5  mils  of  a  10  per  cent,  solution  of  potassium  hy- 
droxid,  and  then,  drop  by  drop,  add  a  10  per  cent,  solution 
of  co])per  suli)hate  uirtil  the  jrrecipitated  cupric  hydro.xid 
that  forms  no  longer  dissolves  upon  shaking  the  tube.  Then 
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gently  warm  the  ui)per  portion  of  the  tube;  if  sugar  is  present, 
a  yellow  or  brick-red  jirecipitate  appears  which  gradually 
diffuses  downward  through  the  mixture,  leaving  a  colorless 
or  light  yellow  supernatant  liquid.  If  sugar  is  absent  and 
other  reducing  substances  are  not  present  in  abnormal 
amounts,  the  cupric  hydrt)xid  formed  will  settle  out  as  a 
black  precipitate.  The  reaction  in  this  test  is  due  to  the  re¬ 
duction  of  the  cujiric  hydroxid  to  cuprous  oxid.  The  re¬ 
action  should  take  ]>lace  within  two  minutes.  If  the  mixture 
is  allowed  to  stand  for  some  time  a  reddish-yellow  precipitate 
may  occur;  this,  however,  should  not  be  construed  as  a  pos¬ 
itive  test  for  glucose.  Uric  acid  and  creatinin,  if  present  in 
excessive  amounts,  will  produce  a  dirty  yellow  colored  pre¬ 
cipitate.  Other  substances  will  also  produce  this  color,  and 
for  this  reason  the  test  is  limited. 

Benedict’s  Qualitative  Test  for  Glucose. — Place  5  mils  of 
Benedict’s  qualitative  solution  (see  Reagents,  Part  VI)  in 
a  test-tube  and  add  not  more  than  8  to  10  drops  of  urine. 
Boil  the  mixture  vigorously  for  two  minutes,  and  allow  to 
cool  spontaneously.  If  sugar  is  absent,  the  solution  should 
remain  perfectly  clear,  or  at  most  show  a  faint  turbidity  that 
is  blue  in  color  and  consists  of  precipitated  urates,  which  may 
be  disregarded.  If  sugar  is  present,  the  entire  l)odv  of  the 
solution  will  be  filled  with  a  precipitate,  which  may  be  red, 
yellow,  or  green  in  color,  depending  upon  the  amount  of  sugar 
present.  If  the  quantity  of  sugar  is  under  0.8  per  cent,  the 
precipitate  forms  only  on  cooling.  This  test  is  exceedingly 
sensitive,  and  in  the  opinion  of  the  author  is  the  most  satis- 
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factory  of  all  copper  tests.  The  solution  is  very  stable,  it  is 
not  appreciably  reduced  by  creatinin  and  uric  acid,  nor  by 
the  preservatives  in  common  use.  The  alkapton  acids  and 
conjugated  glycuronic  acids  readily  reduce  it. 

Fehling’s  Test  for  Glucose. — To  3  mils  of  Fehling’s  solu¬ 
tion  A  add  3  mils  of  Fehling’s  solution  B  (see  Reagents, 
Part  VI),  and  shake  the  mi.\ture  until  a  clear  solution  is 
effected.  Then  boil  to  test  the  reagent;  if  no  precipitate  oc¬ 
curs,  the  reagent  is  fit  to  use.  From  8  to  10  drops  of  urine 
are  added  drop  by  drop;  if  sugar  is  absent,  a  blue  solution 
containing  a  white  precipitate  of  urates  is  olotained.  If  sugar 
is  present,  a  greenish-yellow  to  brick  red  precipitate  forms, 
depending  upon  the  amount  of  sugar  present.  If  the  re¬ 
duction  is  to  be  taken  as  typical  of  glucose,  the  mixture  must 
not  be  boiled  after  the  addition  of  urine. 

Folin-McEllroy’s  Test  for  Glucose. — To  5  mils  of  lolin- 
INIcEllroy  solution  (see  Reagents,  Part  VI)  in  a  test-tube 
add  5  to  8  drops  of  urine  (never  more  than  ^  mil)  and  boil 
for  one  or  two  minutes,  or  digest  in  a  water-bath  for  three 
minutes.  If  sugar  is  present  in  abnormal  amounts,  a  greenish- 
yellow  or  brick  red  colloidal  precipitate  a]ipears  in  the  hot 
solution.  If  sugar  is  absent,  no  colored  preeij^itate  occurs. 
This  test  is  a  trifie  more  sensitive  than  Benedict’s  test,  there¬ 
fore  in  using  the  test  only  a  distinctly  positive  result  obtained 
with  the  solution  still  hot  is  to  be  regarded  as  positive. 

Bottinger’s  Test  for  Glucose. — Glucose  also  reduces  bis¬ 
muth  salts,  forming  a  gray  or  black  precipitate,  depending 
upon  the  quantity  of  glucose  present. 
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'I'o  5  mils  of  albumin-frcc  urine  iir  a  lest-tubc  add  an  equal 
quantity  of  a  strong  solution  of  sodium  hydroxid  and  a  pinch 
of  bismuth  subnitrate  and  boil  live  minutes.  If  sugar  is 
present,  a  gray  or  black  precipitate  appears.  If  the  quantity 
of  sugar  present  is  small,  a  grayish  ]:)reci])itate  forms. 

Nylander’s  Test  for  Glucose. — To  10  mils  of  albumin-free 
urine  in  a  test-tube  add  1  mil  of  Nylander’s  reagent  (see 
Reagents,  Part  \’l )  and  boil  gently  for  live  minutes.  If 
sugar  is  present,  the  mixture  darkens,  and  on  standing  a 
black  precipitate  forms  due  to  the  reduction  of  the  bismuth. 
When  traces  of  sugar  are  present,  the  solution  darkens,  but 
no  precipitate  forms.  If  sugar  is  absent,  the  solution  does 
not  darken,  but  a  white  preci]>itate  may  occur  due  to  phos¬ 
phates.  Any  precipitate  that  forms  after  the  mixture  cools 
should  be  disregarded. 

Haines’  Improved  Test  for  Glucose. — To  5  mils  of  Haines’ 
improved  solution  (see  Reagents,  Part  \  I)  in  a  test-tube  add 
6  to  S  drops  of  albumin-free  urine  and  boil  gently.  If  sugar 
is  present,  a  yellowish  to  brick-red  precipitate  ap])ears  through¬ 
out  the  mixture  immediately.  If  small  amounts  of  sugar  are 
present,  a  yellowish  ])recipitate  slowly  forms.  If  sugar  is 
absent,  the  solution  remains  blue  in  color,  and  a  precipitate 
due  to  phosphates  or  urates  may  occur. 

Phenylhydrazin  Test  for  Glucose. — Phenylhydrazin  will 
react  with  glucose  to  form  phenylglucosazon,  which  crystal¬ 
lizes  from  hot  aciueous  solutions  and  may  be  detected  micro- 
sco[)ically.  To  10  mils  of  iiltered  urine  in  a  test-tube  add  5 
mils  of  a  solution  of  phenylhydrazin,  containing  5  per  cent. 
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of  phenylhydrazin  hyclrochloricl,  20  per  cent,  of  sodium  ace¬ 
tate,  and  10  per  cent,  of  acetic  acid.  Digest  in  a  water-bath 
for  one-half  hour,  and  allow  to  remain  in  the  water-bath 
until  the  water  cools.  If  glucose  is  present,  a  phenylglu- 


Fig.  15. — Crystals  of  iihenylglucosazone  (after  von  Jaksch). 

cosazon  is  formed,  which  crystallizes  in  the  form  of  bright 
yellow  needles,  usually  arranged  in  bundles,  rosettes,  or 
sheaves.  Examine  microscopically.  (See  Fig.  15.) 

QUANTITATIVE  DETERMINATION  OF  GLUCOSE 
Fehling’s  Method. — To  10  mils  of  the  mixed  Fehling’s 
solution  in  a  250-mil  Frlenmeyer  flask  or  in  a  6-inch  evapo¬ 
rating  dish  add  50  mils  of  distilled  water  and  boil.  From  a 
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I)urct  add  the  urine  slowly  until  the  solution  is  completely 
decolorized,  that  is,  until  it  loses  all  its  blue  color,  heating, 
but  iu)t  boiling  the  mixture  after  each  addition.  Fehling’s 
solution  is  an  empirical  solution,  i.  c.,  10  mils  of  the  mixed 
solution  is  reduced  by  exactly  0.050  gram  of  glucose.  There¬ 
fore,  the  amount  of  urine  required  to  decolorize  the  Fehling 
solution  contains  0.050  gram  of  glucose,  and  the  percentage  of 
sugar  in  the  urine  is  calculated,  using  the  following  propor¬ 
tion  : 

(Mils  of  undiluted  urine)  :  100  :  :  0.050  :  x 

X  =  percentage  of  sugar. 

The  solution  should  be  decolorized  within  five  minutes. 

Benedict’s  Method. — To  25  mils  of  Benedict’s  quantitative 
solution  (see  Reagents,  Part  VI)  in  a  250-mil  Erlenmeyer  flask 
or  in  a  6-inch  evaporating  dish  or  100-mil  flask  (see  Fig.  16) 
add  15  grams  of  crystallized  sodium  carbonate  (or  one-half 
this  weight  of  the  anhydrous  salt)  and  a  small  quantity  of 
powdered  pumice  and  boil.  From  a  Iniret  add  the  urine 
rapidly  until  a  while  precipitate  forms  and  the  blue  color  be¬ 
gins  to  fade;  then  add  the  urine  a  few  drops  at  a  time  until 
all  the  blue  color  disappears.  This  is  the  end-point  of  the 
titration  and  is  easily  recognized.  During  the  titration  the 
mixture  must  be  l)oiled  vigorously,  and  loss  of  solution  l)y 
evaporation  must  be  made  up  by  adding  water  from  time  to 
time.  'I'he  amount  of  urine  required  to  decolorize  the  test 
solution  contains  exactly  ().()5()  gram  of  glucose,  and  the 
amount  of  sugar  in  the  specimen  is  obtained  by  using  the 

I)roporlion[  given  above. 
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Fermentation  Method. — The  following  method  is  conve¬ 
nient  and  satisfactory,  its  chief  drawback  being  the  time 


Fig.  16. — Apjiaratus  necessary  for  Benedict’s  quantitative  determina¬ 
tive  determination  of  sugar:  ni,  ^leniscus  (Ogden). 

required.  I'he  urine  is  diluted  so  that  it  contains  approxi¬ 
mately  1  per  cent,  of  glucose.  A  piece  of  yeast  tlie  size  of  a 
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{•)ca  is  rubbed  up  with  a  measured  quantity  of  urine  and 
jdaced  in  the  saccharimeter  (Figs.  17,  18);  these  exact  cpian- 
tities  are  at  best  only  approximate.  The  long  arm  of  the 
apparatus  and  about  one-half  of  the  bulb  are  filled  with  this 
emulsion-like  mixture,  all  air  being  carefully  displaced.  The 
charged  apparatus  is  then  put  in  a  warm  place  and  allowed  to 


Fig.  17. — Einhorn’s  saccharimeter 
(Toddt. 


Fig.  18. — Einhorn’s  saccharimeter 
with  sto[i-cock  (Saxe). 


ferment  for  twent>'-four  hours,  when  the  percentage  of  glucose 
may  be  read  off  directly.  The  result  so  obtained  must  be 
multiplied  by  the  number  of  times  diluted.  A  control  test 
must  be  carried  out  with  normal  urine,  because  yeast  it.self 
is  jirone  to  give  off  gas,  and  the  amount  of  gas  so  obtained 
must  be  subtracted  from  that  obtained  by  the  test.  Yeast 
is  not  always  obtained  in  a  fresh  condition,  so  it  is  necessary 
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to  run  a  control  using  a  standard  solution  of  glucose;  in  this 
way  the  activity  of  the  yeast  is  ascertained.  The  results 
obtained  in  the  method  above  are  likely  to  l^e  a  little  high, 
for  it  has  been  shown  that  yeast  has  the  property  of  splitting 
off  carbon  dioxid  from  amino-acids,  and  this  affects  the 
final  results. 


FRUIT  SUGAR,  LEVULOSE 

This  sugar  is  occasionally  present  in  urine  and  is  closely 
related  to  dextrose,  and  clinically  has  approximately  the  same 
significance. 

Detection  of  Levulose. — To  5  mils  of  urine  add  5  mils  of 
25  per  cent,  hydrochloric  acid,  and  a  few  crystals  of  resorcin. 
Boil  for  one-half  minute;  if  levulose  is  present,  a  red  color 
appears.  Cool  the  mixture,  i:)our  into  a  beaker,  and  add  an 
excess  of  sodium  hydroxid,  transfer  to  a  50-mil  flask,  add  3 
mils  of  acetic  ether,  and  shake.  Tf  levulose  is  present,  the 
ether  will  be  colored  yellow.  This  color  also  develops  if  rhu¬ 
barb  or  senna  have  been  administered.  If  indican  is  present 
in  abnormal  amounts  the  test  must  be  modified  as  follows: 
Perform  the  test  for  indican,  using  Obermeyer’s  reagent,  in 
the  usual  manner,  decant  the  supernatant  mixture  of  urine 
and  reagent,  dilute  it  with  an  equal  quantity  of  water,  add 
a  few  crystals  of  resorcin,  and  proceed  with  the  test  above. 

Selivanoff’s  Test. — To  5  mils  of  Sclivam)lTs  reagent  (see 
Part  VI)  in  a  test-tube  add  a  few  drops  of  the  urine  to  be 
tested,  and  heat  the  mixture  to  boiling.  'Fhe  presence  ol  the 
sugar  is  indicated  by  the  appearance  of  a  red  ct)lored  pre- 
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cipitalc  and  supernatant  liquid.  The  former  may  be  dis¬ 
solved  in  alcoln)l,  to  which  it  imjiarts  a  red  color. 

Determination  of  Levulose. — The  methods  are  the  same  as 
for  glucose,  using  either  I'ehling’s  or  Benedict’s  solutions, 
the  following  factor  being  used  for  levulose,  O.OSd,  as  10  mils 
of  Fehling's  solution  are  reduced  by  0.053  gram  of  levulose, 
and  25  mils  of  Benedict’s  solution  are  reduced  by  the  same 
amount  of  levulose. 

MILK-SUGAR,  LACTOSE 

Milk-sugar  or  lactose  is  frequently  present  in  the  urine  of 
nursing  women.  It  is  of  interest  principally  because  it  is 
often  mistaken  for  glucose.  Lactose  reduces  copper  solutions, 
such  as  Fehling’s  and  Benedict’s,  but  does  not  ferment  with 
yeast.  It  forms  yellow  colored  crystals,  ozozones,  with  phe- 
nylhydrazin.  It  may  be  determined  ciuantitatively  with 
either  Fehling’s  or  Benedict’s  solutions,  using  0.067  as  the 
factor. 

MALTOSE  OR  MALT  SUGAR,  AND  CANE-SUGAR 

'I'hese  sugars  are  of  little  importance  clinically.  Alaltose 
is  occasionally  found  aU)ng  with  glucose  in  cases  of  diabetes. 
Cane-sugar  is  seldom  found  in  urine.  Maltose  reduces  alka¬ 
line  copper  solutions,  and  may  be  determined  quantitatively 
with  either  Fehling’s  or  Benedict’s  solutions,  using  0.0807 
as  the  factor,  as  0.0807  gram  of  maltose  reduces  the  co])per 
in  measured  (luantities  of  these  solutions. 
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PENTOSES 

These  are  carbohydrates  that  contain  5  atoms  of  carbon 
in  the  molecule  and  are  the  chief  source  of  the  vegetable  gums 
and  other  closely  allied  substances.  They  reduce  alkaline 
copper  solutions  readily,  and  form  crystalline  substances 
with  phenylhydrazin,  but  they  are  not  fermentable  with 
yeast.  They  are  not  common  to  urine,  although  after  the 
ingestion  of  fruits,  such  as  plums,  cherries,  and  similar  fruit 
juices,  they  may  occur  in  the  urine.  The  urine  of  drug  ad¬ 
dicts,  especially  when  morphin  is  used,  usually  contains  some 
pentose. 

Detection  of  Pentoses  Using  Bail’s  Orcinol  Test  (See  Re¬ 
agents,  Part  VI). — If  dextrose  is  present,  it  must  be  removed 
first  by  the  fermentation  test.  Then  to  about  5  mils  of  Bail’s 
reagent,  previously  heated  in  a  test-tube,  add  10  to  15  drops 
of  urine  and  remove  from  flame;  if  pentose  is  present  a  green 
color  develops. 

GLYCONURIC  ACID 

Glyconuric  acid  does  not  occur  free  in  urine,  but  is  found 
to  some  extent  in  combination  with  phenol,  also  in  minute 
traces  combined  with  skatol  and  indol.  Certain  drugs,  such 
as  camphor,  chloral  hydrate,  menthol,  morphin,  turpentine, 
etc.,  greatly  increase  its  output.  It  reacts  in  all  respects  the 
same  as  the  pentoses,  and  it  is  difficult  to  distinguish  it  from 
the  pentoses. 
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PROTEINS 

Several  proteins  may  occur  in  the  urine,  such  as  serum 
albumin,  serum  globulin,  Bence-Jones  albumin,  proteoses, 
peptone,  fibrin,  and  mucin.  Serum  albumin  and  serum  glob¬ 
ulin  are  both  included  in  the  term  “albumin,”  and  their 
presence  in  urine  is  termed  an  “albuminuria,”  which  is  a 
condition  occurring  in  acute  parenchymatous  nephritis,  or 
Bright’s  disease.  The  jmesence  of  albumin  is  one  of  the  most 
imi)ortant  pathologic  conditions  of  the  urine.  It  may  be 
either  accidental  or  renal. 

.\ccidental  albuminuria  usually  occurs  in  the  urine  due  to 
admixture  of  albuminous  fluids  from  without,  such  as  pus, 
blood,  and  discharges  from  the  vagina  or  urethra,  and  is 
quite  common  in  cystitis,  chronic  vaginitis,  and  pyelitis. 
It  is  usually  differentiated  from  renal  albuminuria  by  the 
aid  of  the  microsco])e,  which  discloses  a  marked  absence  of 
casts  and  the  presence  of  varying  amounts  of  |)us-cells. 

Renal  albuminuria  means  an  albuminuria  that  has  its  ori¬ 
gin  in  the  kidneys;  this  may  be  due  to  organic  changes  in 
the  kidnevs,  or  to  changes  in  the  circulation  of  the  blood  in 

’  f 

the  kidneys,  or  to  certain  diseases,  such  as  severe  anemias 
and  scurvy.  The  microsc()])ic  sediment  usually  shows  the 
presence  of  numerous  casts. 
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Detection  of  Albumin. — It  is  very  important  that  the  tests 
be  made  upon  clear,  transparent  urine,  and  this  is  usually 
accomplished  in  three  ways,  namely,  filtration  through 
filter-paper,  filtration  through  some  insoluble  clarifying 
agent,  or  clarification  by  centrifugalization.  As  a  rule,  fil¬ 
tration  through  several  thicknesses  of  filler-paper  is  sufficient 
to  clarify  the  urine.  If  this  is  not  satisfactory,  a  small 
amount  of  the  urine  may  be  centrifugalized,  or  if  a  centrifuge 
is  not  available,  the  urine  may  be  clarified  as  follows:  Add  5 
grams  of  barium  carbonate  to  50  mils  of  the  urine,  mix 
thoroughly  by  shaking,  and  filter  through  filter-paper;  if  the 
resulting  clear  urine  is  alkaline  in  reaction,  make  slightly  acid 
by  acidulating  with  dilute  acetic  acid.  This  method  is  not 
entirely  satisfactory,  as  some  of  the  albumin  is  removed  by 
absorption.  This  preliminary  treatment  of  the  sample  is 
important  and  should  not  be  o\’erlooked  if  satisfactory  results 
are  to  be  obtained. 

DETECTION  TESTS  FOR  ALBUMIN 

Heat  Test. — Fill  a  test-tube  two-thirds  full  of  urine  and 
gently  heat  the  upper  portion  to  boiling,  then  hold  the  con¬ 
tents  of  the  tube  against  a  black  background  and  examine 
the  boiled  urine  for  any  cloudiness  or  turbidity.  If  a  white 
cloudiness,  turbidity,  or  ju’ccipilate  a]')])ears  it  may  be  due 
to  albumin,  or  to  calcium  phosphate  or  calcium  carbonate. 
To  eliminate  the  latter  add  a  few  drops  of  5  per  cent,  acetic 
acid;  if  the  cloudiness,  turbidity,  or  precipitate  remains,  it 
indicates  the  presence  of  albumin.  If  it  disappears  upon  the 
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addition  of  acetic  acid  the  presence  of  phosphates  is  indicated; 
also,  if  tlie  addition  of  acetic  acid  causes  effervescence  and 
disapi)earance  of  tire  cloudiness  or  precipitate  it  indicates 
the  presence  of  carbonates.  If  the  heating  of  the  urine  does 
not  produce  a  cloudiness  or  turbidity  the  acid  should  be 
added,  since  the  urine  may  not  be  acid  enough  to  permit  the 
albumin  to  coagulate.  Then,  as  an  added  precaution,  the 
urine  should  be  again  reboiled  with  acetic  acid  present  and 
allowed  to  stand  about  fifteen  or  twenty  minutes.  The 
acetic  acid  in  excess  does  not  form  an  acid-soluble  albumin. 
This  test  is  one  of  the  most  reliable  routine  tests  for  albumin. 
Certain  resinous  acids  that  frequently  occur  in  the  urine  may 
lead  to  error  if  a  large  excess  of  acetic  acid  is  used.  These 
usually  form  a  cloud  similar  to  that  of  albumin,  which  may 
be  distinguished  from  albumin  because  of  its  solubility  in 
alcohol.  Drugs,  such  as  turpentine,  benzoin,  copaiba,  bal¬ 
sam  of  Peru,  tolu,  and  cubebs  cause  this  cloud  with  excess 
acetic  acid. 

Heller’s  Test  for  Albumin. —This  test  is  also  known  as 
the  nitric  acid  contact  test,  and  is  carried  out  as  follows:  In 
a  small  conical  glass  (Fig.  PT  superimpose  10  mils  of  the 
filtered  urine  upon  10  mils  of  concentrated  nitric  acid.  If 
albumin  is  present  a  distinct  white  zone  or  cloud  of  precijii- 
tated  acid  albumin  will  appear  exactly  at  the  jilane  of  contact 
of  the  li(|uids.  This  ring  may  not  appear  for  several  minutes. 
If  it  does  appear  within  three  minutes,  it  indicates  that  less 
than  O.OO.S  per  cent,  of  albumin  is  present.  The  best  results 
are  obtained  if  the  glass  is  held  against  a  black  background, 


90 


MANUAL  OF  URINE  ANALYSIS 


as  it  is  often  difficult  to  observe  the  faint  cloudiness  that 
occurs  when  only  traces  of  albumin  are  present.  The  depth 
of  the  cloud  depends  upon  the  amount  of  albumin  i)resent 
and  also  upon  the  skill  of  the  technician.  Thife  test  should 

not  be  attempted  in  a  test- 
tube,  as  results  so  obtained 
are  not  reliable.  The  test  is 
more  reliable  when  carried  out 
in  a  conical  glass  because  of 
the  greater  surface  exposure. 
On  standing,  another  ring  may 
appear  just  above  the  albumin 
ring  if  urine  is  concentrated. 
This  should  not  deceive  any¬ 
one,  since  it  is  broader  than 
the  albumin  ring;  also  if  the 
glass  is  placed  in  warm  water 
the  ring  disappears.  In  this 
nitric  acid  contact  test  if  an 
albumin-free  urine  is  used  a 
red  or  reddish-violet  or  ame¬ 
thyst  zone  may  appear  at  the 
I)lane  of  contact.  This  is  usually  due  to  the  presence  of  oxi¬ 
dized  urinary  ])igments. 

Sulphosalicylic  Acid  Test. — To  5  mils  of  the  filtered  urine 
in  a  test-tube  add  5  drops  of  a  20  per  cent,  solution  of  suljiho- 
salicylic  acid  and  mix  well  by  relocated  inversion  of  the  test- 
tube.  If  an  opalescence  or  slight  turbidity  results,  albumin 


Fig.  19. — Horismascope  or  al- 
buminoscope.  Used  in  nitric 
acid  contact  test  for  albumin. 
Sensitive  to  ,/(,  per  cent.  (Sa.xe). 
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is  present  in  traces.  If  a  distinct  precipitate  forms,  albumin 
is  present  in  larger  amounts.  Bence-Jones  protein  (albumose) 
is  also  precij)itatc(l  in  this  test;  however,  if  the  mi.xture  be 
heated,  this  protein  disappears,  and  on  cooling  it  reappears. 
The  albumin  docs  not  disappear  on  heating. 

Potassium  Ferrocyanid  Test. — To  10  mils  of  the  filtered 
urine  in  a  test-tube  add  5  drops  of  a  50  jicr  cent,  acetic  acid; 
if  a  precipitate  forms  at  this  point,  it  should  be  filtered  off, 
as  it  may  be  due  to  nucleo-albumin  or  mucin.  Then  to  the 
filtrate  or  to  the  acidulated  urine  add  1  mil  of  a  10  per  cent, 
solution  of  potassium  ferrocyanid;  if  albumin  is  present  in 
small  amounts  a  mere  cloudiness  occurs;  if  albumin  is  present 
in  larger  amounts  a  llocculent  precipitate  forms  at  once. 
Bence-Jones  protein  (albumose)  will  also  produce  a  cloudiness 
in  this  test;  it  disappears  on  heating,  however,  and  the  pre¬ 
cipitated  albumin  seems  to  increase  in  bulk. 

Other  substances,  such  as  solutions  of  picric  acid,  trichlor¬ 
acetic  acid,  and  mercuric  chlorid  are  used  to  detect  albumin 
in  urine.  These,  howe\  er,  in  the  presence  of  much  mucin  and 
proteoses,  and  also  urates,  may  give  results  that  are  confus¬ 
ing,  and  as  the  chemicals  are  rather  expensive,  and  especially 
because  of  the  former  reason,  they  are  not  desirable  reagents. 

QUANTITATIVE  ESTIMATION  OF  ALBUMIN 

The  most  reliable  and  accurate  of  the  ciuantilative  methods 
is  the  gravimetric  method.  This,  however,  is  too  complicated 
for  ordinary  routine  clinical  work. 

Esbach’s  Quantitative  Estimation  of  Albumin. — This 
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method  is  by  far  the  simplest  of  the  methods  used.  It  is 
carried  out  in  an  instrument  known  as  Esbach’s  albumin- 
ometer  (Figs.  20,  21 );  it  is  by  no  means  accurate,  and  its  chief 
handicap  is  that  it  recjuires 
twenty-four  hours  of  waiting 
before  precipitation  is  com¬ 
plete;  also  that  substances 
such  as  urates,  vegetable  al¬ 
kaloids,  peptone,  and  crea- 
tinin  are  also  precipitated 
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Fig.  20. — Esbach’s  albuminometer.  Fig.  21. — Esbach’s  albuminometer 

(Saxe). 


and  that  the  results  obtained  are  usually  misleading. 
The  instrument  consists  of  a  graduated  tube  with  divisions 
from  0.1  to  7  grams,  each  xV  gram  representing  of  1 
per  cent.,  and  each  gram  representing  xV  1  per  cent., 
the  highest  graduation  on  the  instrument  being  7  grams, 
which  represents  of  1  per  cent.  There  are  also  two  other 
graduations  on  the  instrument,  oire  marked  U,  which  indicates 
that  urine  is  added  to  this  graduation;  the  other  is  marked  R, 
which  indicates  that  the  reagent  is  added  up  to  this  gradu- 
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ation.  Kshacb’s  reagent  contains  1  gram  of  picric  acid  and  2 
grains  of  citric  acid  in  enough  distilled  water  to  make  KM) 
mils.  The  picric  acid  precipitates  the  albumin,  and  the  citric 
acid  prevents  iirecijiitation  of  jihosphates. 

Technic. — The  instrument  is  tilled  with  filtered  urine  to 
the  graduation  U.  The  urine  must  be  clear,  acid  in  reaction, 
and  not  concentrated.  If  alkaline  in  reaction,  acidulate  with 
a  few  drops  of  acetic  acid.  If  concentrated,  dilute  with  water, 
allowing  for  the  dilution  in  the  final  calculation.  After  add¬ 
ing  the  urine,  add  Esbach’s  reagent  to  the  graduation  R, 
insert  the  sto])]ier,  shake  several  times,  and  set  aside  in  a  cool 
place  for  twenty-four  hours.  Then  read  off  the  bulk  of  jire- 
cipitated  albumin  which  represents  the  grams  of  albumin  in 
loot)  mils  of  the  urine.  In  order  to  obtain  percentage,  so 
called,  divide  by  10. 

Tsuchiya’s  Quantitative  Estimation  of  Albumin. — This  is 
a  modification  of  Esbach’s  method  and  is  considered  more 
accurate  for  routine  clinical  work.  Tsuchiya’s  reagent  is 
made  by  dissolving  1.5  grams  of  phosphotungstic  acid  in  5 
mils  of  concentrated  hydrochloric  acid  and  adding  enough 
alcohol  to  make  100  mils. 

Technic. — The  urine  is  usually  diluted  with  water  so  that 
the  specific  gravity  does  not  exceed  1.008,  and  the  determi¬ 
nation  is  carried  out  in  an  Esbach  albuminomcter,  using  the 
directions  under  Esbach’s  method.  Tsuchiya’s  reagent  .gives 
no  precipitate  with  albumin-free  urine,  and  it  detects  minute 
traces  of  albumin  in  urine. 

Purdy’s  Centrifugal  Method. — This  method  is  not  as  ac- 
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PURDY'S  QUANTITATIVE  METHOD  FOR  ALBUMIN  IN 
URINE  (CENTRIFUGAL) 


Table  shou'hig  the  relation  beln'cen  the  volumetric  and  gravimetric  percentage 
of  albumin  obtained  by  means  of  the  centrifuge  with  radius  of  six  and 
three-quarter  inches;  rate  of  speed,  ijoo  revolutions  per  minute;  time, 
three  minutes. 
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curate  as  Tsuchiya’s;  however,  it  is  convenient  and  may  be 
used  if  only  an  approximate  estimation  is  desired.  Purdy 
advises  the  use  of  a  si)ccially  constructed  centrifuge  which  is 
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descril)ecl  in  detail  in  the  chapter  dealing  with  the  micro¬ 
scopic  examiiration  of  the  urine. 

Technic. — Place  10  mils  of  the  filtered  urine  in  a  graduated 
centrifuge  tube,  adtl  d  mils  of  a  10  per  cent,  solution  of  potas¬ 
sium  ferrocyanid,  and  2  mils  of  50  per  cent,  acetic  acid. 
Mix  well  by  inverting  the  tube  several  times,  and  allow  to 
stand  ten  minutes  in  order  to  insure  complete  precipitation. 
'I'hen  centrifugalize  for  three  minutes  at  1500  revolutions  a 
minute,  and  read  off  the  bulk  of  precipitated  albumin. 
.Since  10  mils  of  the  urine  were  used  in  the  test,  each  0.1  mil 
of  bulk  precipitate  represents  1  per  cent,  of  albumin  by  bulk 
and  not  by  weight,  and,  according  to  Purdy,  each  bulk  per 
cent,  represents  0.021  per  cent,  of  albumin  by  weight. 

MUCIN 

Normal  urine  usually  contains  traces  of  substances  such  as 
mucin,  mucoid,  and  nucleoprotein.  These  substances  are 
all  closely  related  to  one  another  and  are  loosely  classified  as 
mucin.  In  acid  urines  mucin  is  usually  precipitated,  appear¬ 
ing  as  a  faint  cloudiness.  Shreds  of  mucin  are  then  generally 
jnesent  in  the  microscofuc  serliment.  In  the  nitric  acid  con¬ 
tact  test  for  albumin  a  mere  cloudiness  may  be  due  to  mucin, 
and  it  usually  appears  just  abo\'e  the  zone  of  contact,  between 
the  acid  and  the  urine.  If  the  acid  and  urine  are  mixed,  the 
cloudiness  or  precipitate  disappears. 

'I'he  presence  of  mucin  in  the  urine  is  usually  increased  in 
irritations  and  inflammations  of  the  mucous  membranes  of 
the  urinary  tract.  If  much  mucin  is  present,  acetic  acid  will 
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precipitate  it  in  the  cold.  If  the  precipitated  mucin  be 
treated  with  hydrochloric  acid,  it  is  hydrolized,  forming  sub¬ 
stances  which  reduce  Fehling’s  solution.  Traces  of  mucin 
are  not  precipitated  by  acetic  acid,  but  all  mineral  acids  and 
reagents  that  precipitate  albumin  precipitate  mucin.  An 
excess  of  the  reagent  must  be  avoided,  as  the  precipitated 
mucin  dissolves  in  it. 

BENCE-JONES  PROTEIN 

This  protein  was  formerly  classed  as  an  albumose,  or  a 
primary  proteose,  before  its  protein  nature  was  definitely  es¬ 
tablished.  It  has  been  found  in  the  urine  in  rare  cases  of 
multiple  myeloma  and  chronic  leukemia. 

Detection  of  Bence-Jones  Protein. — Place  15  mils  of  the 
filtered  urine  in  a  test-tube  and  add  4  or  5  drops  of  acetic 
acid,  place  the  tube  in  a  water-bath,  and  heat  gently  at  first, 
then  gradually  increase  the  heat  to  boiling.  If  Bence-Jones 
protein  is  present,  a  turbidity  or  precipitate  forms  between 
40°  and  60°  C.,  and  as  the  boiling-point  is  reached  the  precip¬ 
itate  dissolves.  Plpon  cooling,  the  precipitate  reappears. 
The  presence  of  albumin  interferes  with  this  test  and  it  should 
be  removed  first. 

PROTEOSES 

These  substances  are  intermediate  decomposition  products 
of  protein  metabolism  and  are  frequently  called  albumoses. 
I'hey  are  most  often  found  in  the  urine  when  diseases  of  the 
bones  are  present.  Both  primary  and  secondary  proteoses 
may  be  present,  and  they  are  usually  precipitated  by  nitric 
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acid  and  potassium  ferr(.)cyanid  in  the  presence  of  acetic  acid. 
They  tlissolve  when  the  sokitioir  is  heated. 

Detection  of  Proteoses. — .\cidulate  25  mils  of  the  filtered 
urine  with  acetic  acid  and  boil;  filter  while  hot  to  remove  al¬ 
bumin,  globulin,  and  mucin,  and  test  the  filtrate  for  pro¬ 
teoses,  using  the  sulphosalicylic  acid  test. 

CHYLURIA  (FAT) 

Occasionally  in  certain  pathologic  conditions  the  urine 
may  appear  milky  or  emulsion-like;  this  is  usually  due  to  the 
presence  of  fat.  If  large  amounts  of  fat  are  present,  the 
urine  appears  opalescent.  The  term  “chyluria”  is  usually 
applied  to  that  condition  of  the  urine  which  includes  the  i)res- 
ence  of  fat  and  albumin.  If  the  fat  be  present  in  the  form  of 
large  oil  drops  and  albumin  is  absent,  the  term  “lipuria”  is 
used.  Cholesterin  is  usually  present  in  both  chyluria  a,nd  lip¬ 
uria.  The  microscopic  e.xamination  usually  shows  the  pres¬ 
ence  of  fat. 
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INDICAN,  POTASSIUM  INDOXYL  SULPHATE 

Indican  is  a  derivative  of  indol,  one  of  the  more  common 
aromatic  substances  formed  in  the  process  of  putrefaction  of 
albuminous  material.  Indol  is  the  mother  substance  of  in¬ 
dican.  It  is  o.xidized  in  the  liver  to  indoxyl,  which  combines 
with  the  alkaline  sulphate  to  form  potassium  indo.xyl  sul¬ 
phate.  Normally,  about  15  milligrams  are  excreted  in  twenty- 
four  hours.  In  many  pathologic  conditions  it  is  increased, 
especially  in  diseases  of  the  intestines. 

Indican  is  a  colorless,  crystalline  substance,  soluble  in 
water  and  in  hot  alcohol.  Hydrochloric  acid  decomposes  it, 
forming  indoxyl,  a  syrupy  liquid  with  a  strong  fecal  odor. 
Indoxyl  may  be  oxidized,  readily  forming  indigo.  The  tests 
for  indican  are  based  upon  this  reaction. 

Folin’s  Test  for  Indican. — To  10  mils  of  urine  add  2  mils 
of  cof)per  sulphate  solution,  5  mils  of  chloroform,  and  an 
equal  volume  (12  mils)  of  concentrated  hydrochloric  acid. 
Close  the  mouth  of  the  tube  with  the  thumb  and  cautiously 
invert  several  times.  The  amount  of  indican  present  is  pro¬ 
portional  to  the  depth  of  color  of  the  chloroform  extract. 
This  qualitative  test  is  often  made  roughly  quantitative  by 

using  the  color  of  Fehling’s  solution  as  a  standard. 
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Jaffe’s  Test  for  Indican. — To  10  mils  of  urine  in  a  lcst-lul)e 
add  an  equal  amount  of  concentrated  hydrochloric  acid,  1 
mil  of  chloroform,  and  then  drop  by  drop  a  fresh  solution  of 
calcium  hypochlorite,  shaking  the  mixture  after  each  drop. 
The  chloroform  dissolves  the  indigo  liberated  and  turns  blue, 
the  depth  of  the  color  depending  upon  the  amount  of  indican 
present. 

Obermeyer’s  Test  for  Indican. — To  25  mils  of  filtered 
urine  add  10  mils  of  a  10  per  cent,  solution  of  lead  acetate, 
and  filter;  to  10  mils  of  the  filtrate  add  2  mils  of  chloroform 
and  10  mils  of  Obermeyer’s  reagent.  Close  the  tube  with  a 
stopper  and  shake  well.  The  reagent  is  composed  of  con¬ 
centrated  hydrochloric  acid  containing  0.2  per  cent,  of  ferric 
chlorid.  The  hydrochloric  acid  sets  free  indoxyl,  and  the 
ferric  chlorid  acts  as  an  oxidizing  agent,  oxidizing  the  indoxyl 
to  indigo.  The  chloroform  extracts  the  indigo,  causing  it  to 
turn  blue,  the  dejith  of  the  color  deiiending  upon  the  amount 
of  indican  present.  If  the  color  of  the  chloroform  is  not  more 
than  a  light  blue,  indican  is  present  in  normal  amounts.  If 
the  chloroform  is  colored  deeper  than  a  light  blue,  indican  is 
jiresent  in  increased  amounts.  If  a  violet  color  is  obtained 
instead  of  a  blue,  it  shows  the  presence  of  iodids.  The  ad¬ 
dition  of  two  crystals  of  sodium  thiosulphate,  the  size  of  a 
small  pea,  discharges  the  color  of  the  iodids,  and  leaves  the 
blue  of  indigo  unaffecterl.  If  formaldehyd  has  been  used 
as  a  [)reservative,  this  lest  cannot  be  used.  The  lead  ace¬ 
tate  is  used  in  the  test  to  remove  bile  and  urinary  pig¬ 
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SKATOXYL  POTASSIUM  SULPHATE 

Skatoxyl  potassium  sulphate  is  a  derivative  of  skatol, 
which,  like  indol,  is  formed  by  the  putrefactive  processes  in 
the  large  intestine.  As  a  rule  it  is  present  in  smaller  amounts 
than  indican.  When  it  appears  in  the  urine  in  e.xcessive 
amounts  the  chloroform  layer  in  Obermeyer’s  test  is  colored 
red  instead  of  blue.  Specimens  of  urine  containing  it  in 
large  amounts  usually  darken  on  exposure  to  light  and  air, 
the  change  beginning  in  the  upper  layers. 


Chapter  X 


ACETONE  BODIES 

In  certain  pathologic  conditions  a  group  of  substances 
known  collectively  as  the  acetone  bodies,  such  as  acetone, 
diacetic  acid,  and  beta-oxybutyric  acid,  may  appear  in  the 
urine.  Acetone  is  not  an  acid,  it  being  dimethyl  ketone,  the 
first  member  of  a  series  of  organic  compounds  known  as  ke¬ 
tones.  It  is  convenient,  howe\  er,  to  consider  the  three  sub¬ 
stances  collectively. 

The  origin  of  the  acetone  bodies  has  recently  been  deter¬ 
mined.  They  are  most  always  found  in  the  urine  in  advanced 
cases  of  diabetes,  especially  when  carbohydrates  are  removed 
from  the  diet  and  fats  substituted.  These  acetone  bodies  are 
also  found  in  the  urine  in  cases  of  severe  intestinal  disturb¬ 
ances,  acute  febrile  conditions,  in  starvation,  and  in  wasting 
diseases.  They  may  also  appear  occasionally  after  shock  due 
to  injury  or  surgical  operation. 

It  was  at  first  thought  that  beta-oxybutyric  acid  was  the 
mother  substance  of  these  acetone  bodies;  recently,  howe\’er, 
it  has  been  showTi  that  diacetic  acid  forms  first  and  the  other 
substances  are  derived  from  it.  It  appears  probable  that  both 
protein  and  fat  may  ser\  e  as  a  source  of  these  acetone  bodies, 
and  that  the  fat  (for  example,  butter)  contains  an  appreci¬ 
able  amount  of  butyric  acid,  also  that  the  carbohydrates, 
when  ingested,  serve  to  protect  the  protein  and  fat.  In  the 
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aljsence  of  carbohydrates,  as  in  the  starvation  treatment  em¬ 
ployed  in  diabetes  mellitus,  the  protein  and  fat  are  no  longer 
spared,  and  the  increased  destruction  apparently  gives  rise 
to  the  production  of  these  acetone  bodies. 

The  amount  of  these  acetone  bodies  present  plus  the  am¬ 
monia  output  serves  as  a  guide  to  the  degree  of  acidosis 
present. 

ACETONE 

Minute  traces  of  acetone  are  occasionally  found  in  normal 
urine.  When  diacetic  acid  and  beta-o.xybutyric  acid  are  pres¬ 
ent,  large  amounts  of  acetone  are  usually  found.  Patholog¬ 
ically  acetone  is  as  important  as  the  corresponding  acids.  It 
does  not  itself  decrease  the  alkalinity  of  the  body,  but  its 
presence  usually  indicates  the  presence  of  these  acids.  The 
odor  of  acetone  is  frequently  detected  in  the  urine. 

Acetone  is,  chemically,  dimethyl  ketone.  It  occurs  as  a 
colorless,  volatile  liquid,  with  an  ethereal  odor.  The  tests 
for  acetone  are  usually  made  directly  on  the  urine  or  on  the 
distillate  obtained  from  it.  If  the  distillate  is  used,  it  con¬ 
tains  both  the  preformed  and  formed  acetone.  Since  they 
both  have  the  same  significance,  however,  this  is  of  little 
consequence.  Acetone  may  be  separated  from  diacetic  acid 
by  aspirating  a  current  of  air  through  some  of  the  urine,  col¬ 
lecting  the  acetone  in  cold  water. 

TESTS  FOR  ACETONE 

Preparation  of  the  Sample. — In  {Performing  any  of  the  fol¬ 
lowing  tests  for  acetone  except  Rolhera’s,  the  urine  should 
be  distilled,  using  either  a  retort,  or  a  large  test-tube  fitted 


ACETONK  BODIES 


103 


with  a  cork,  through  which  is  passed  a  delivery  tulje  bent 
so  as  to  act  as  a  condenser.  (See  Fig.  22.)  Then  40  mils 
of  the  urine  are  rendered  distinctly  acid  with  dilute  acetic 
acid  and  the  mixture  distilled  until  20  mils  of  the  distillate 
are  recox  ered.  .Add  1  mil  of  dilute  hydrochloric  acid  to  the 
distillate  and  redistil. 


Fig.  22. — .Apparatus  for  distillation  of  urine  in  detection  of  acetone. 


Rothera’s  Test  for  Acetone. — d'o  5  or  10  mils  of  the  urine 
add  about  1  gram  of  ammonium  sulphate  and  2  or  3  drops  of 
a  freshly  prepared  5  per  cent,  solution  of  sodium  nitroprussid. 
Stratify  strong  ammonium  hydroxid  upon  the  mixture.  If 
acetone  is  present,  a  characteristic  violet  color  appears. 
The  delicacy  of  this  test  is  1  :  20,000.  Best  qualitative  test. 

Gunning’s  Modification  of  the  Iodoform  Test. — 'I'o  5  mils 
of  the  distillate  add  a  few  droi)s  of  Lugol’s  solution  of  iodin, 
and  add  ammonium  hydroxid  drop  by  drop  until  a  black  pre- 
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cipitate  of  nitrogen  ioclid  forms.  Upon  standing,  if  acetone 
is  present,  the  black  precipitate  changes  to  yellow,  and  the 
mixture  has  the  characteristic  odor  of  iodoform.  Alcohol 
and  aldehyd  do  not  interfere  with  this  test. 

Nitroprussid  or  Legal’s  Test. — To  10  mils  of  the  distillate 
add  a  few  drops  of  a  freshly  prepared  solution  of  sodium 
nitroprussid,  followed  by  5  mils  of  sodium  hydroxid  solution. 
A  ruby  red  color  will  be  produced  at  this  point,  which 
may  be  due  to  acetone,  diacetic  acid,  or  creatinin.  The 
color  due  to  creatinin  fades  rapidly,  while  the  color  due  to 
acetone  or  diacetic  acid  remains  for  a  longer  time.  Now  add 
an  excess  of  glacial  acetic  acid;  if  acetone  is  present,  the  color 
is  intensified  to  almost  a  purple.  If  acetone  is  absent,  a  yel¬ 
low  color  is  seen. 

DIACETIC  ACID 

Diacetic  acid  is  also  known  as  aceto-acetic  acid  and  acetyl 
acetic  acid.  Normally  it  is  not  found  in  urine.  When  it 
occurs  in  pathologic  urines  it  is  usually  present  as  the  sodium 
or  ammonium  salt.  As  has  been  previously  stated,  its  origin 
is  the  same  as  that  of  acetone  and  oxybutyric  acid.  The 
acid  itself  occurs  as  a  thick,  viscid  liquid,  with  a  strong  acid 
reaction.  It  is  readily  miscible  with  water  and  alcohol. 
Ether  extracts  it  from  its  aqueous  solution.  The  amount  of 
diacetic  acid  found  in  the  urine  varies  with  the  disease;  more 
than  200  grams  of  the  combined  acetone  bodies  have  been 
found  in  the  twenty-four-hour  urine. 

Gerhardt’s  Test. — To  10  mils  of  urine  in  a  test-tube  add 
a  solution  of  neutral  ferric  chlorid  until  precipitation  is  com- 
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plete.  Tlie  jirecipitalc  that  occurs  is  ferric  phosplialc.  If 
no  i)rccipitale  api)ears  upon  the  additioir  of  the  neutral  ferric 
chloric!  solution,  it  is  due  to  the  presence  of  free  acid  in  the 
reagent,  and  Uie  free  acid  should  be  neutralized  with  am¬ 
monium  hydroxid  solution  until  the  reagent  is  neutral  to 
litmus.  After  complete  precipitation  of  the  ])hosphates  the 
mixture  is  filtered,  and  to  the  filtrate  are  added  a  few  more 
drops  of  neutral  ferric  chloric!  solution;  if  diacetic  acid  is 
present,  a  Bordeaux  color  is  produced.  A  check  test  should 
always  be  used  to  \  erify  the  presence  of  diacetic  acid. 

Comfirmative  Test  for  Diacetic  Acid. — 10  mils  of  urine  are 
boiled  in  a  test-tube  for  ten  minutes,  cooled  under  running 
water,  and  Gerhardt’s  test  applied.  If  diacetic  acid  was  pres¬ 
ent,  the  test  is  negative,  due  to  the  fact  that  the  diacetic  acid 
is  converted  to  acetone  by  the  boiling,  and  the  latter  vola¬ 
tilized,  thus  preventing  the  reaction.  The  confirmative  test 
is  necessary,  since  a  positive  test  may  be  obtained  after  the 
administration  of  various  drugs,  such  as  rhubarb,  acetanilid, 
antipyrin,  phenacetin,  salicylic  acid,  and  many  others.  These 
drugs  and  their  derivatives  are  not  dissijxited  on  heating  the 
urine  and,  therefore,  give  a  positive  reaction  with  the  neutral 
ferric  chloric!  solution. 

Folin’s  Qualitative  Test  for  Diacetic  Acid. — To  ,S  mils  of 
urine  in  a  test-tube  adcl  1  to  2  mils  of  dilute  acetic  acid  and  a 
small  crystal  of  sodium  nitroprussid.  Shake  a  few  times  to 
dissolve  the  salt,  then  add  2  or  d  mils  of  concentrated  am¬ 
monium  hydroxid  and  mix.  A  violet  color  indicates  diacetic 
acid, 
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BETA-OXYBUTYRIC  ACID 

Beta-oxyl)ulyric  acid  is  usually  found  in  pathologic  urines. 
It  is  a  viscid  fluid,  soluble  in  water  and  alcohol.  It  is  a  mono¬ 
basic  acid,  forms  salts  readily,  and  is  levorotatory.  It  is 
not  precipitated  by  basic  lead  acetate.  In  certain  pathologic 
conditions  the  amount  varies  from  a  mere  trace  to  several 
grams  per  day.  Beta-oxybutyric  acid  is  detected  in  the  urine 
with  some  difficulty,  and  for  this  reason  the  tests  for  acetone 
and  diacetic  acid  are  usually  made.  If  these  two  substances 
are  present,  one  almost  always  finds  oxybutyric  acid  also. 

Black’s  Method  for  the  Detection  of  Beta-oxybutyric  Acid. 
— Evaporate  25  mils  of  urine  in  a  porcelain  evaporating  dish 
on  a  water-bath  to  one-third  its  volume.  Diacetic  acid  is 
converted  to  acetone  and  the  latter  is  lost  by  evaporation. 
'I'hen  add  5  drops  of  concentrated  hydrochloric  acid  and 
enough  plaster  of  Baris  to  form  a  solid  cake.  After  the  setting 
of  the  plaster,  the  cake  is  powdered  and  extracted  with  several 
portions  of  ether  to  remove  the  acid,  d'hen  to  the  ether  extract 
add  10  mils  of  distilled  water  and  allow  the  ether  to  evaporate 
spontaneously.  The  aqueous  extract  is  treated  with  a  small 
quantity  of  barium  carbonate,  and  the  mixture  filtered,  do 
the  clear  filtrate  is  added  1  mil  of  a  solution  of  hydrogen  per- 
oxid,  and  a  few  drops  of  dilute  neutral  ferric  chlorid  solution, 
and  the  mixture  is  well  shaken.  If  beta-oxybutyric  acid  is 
present,  a  rich  brown  color  is  produced.  This  test  detects  1 
jiart  in  10, 000. 

Darmstaedter’s  Method  for  the  Determination  of  Beta- 
oxybutyric  Acid. — To  100  mils  of  urine  add  10  grams  of  so- 
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dium  carbonate  and  e\  ai)orate  the  mixture  on  a  \vater-l)ath 
to  about  20  mils.  This  converts  all  of  the  diacetic  acid  pres¬ 
ent  to  acetone,  and  the  latter  is  lost  by  evaporation.  Then 
add  150  mils  of  50  per  cent,  sulphuric  acid  to  the  residue,  and 
distil  until  500  mils  of  distillate  are  recovered.  During  the 
distillation,  water  is  added  through  a  funnel  tube,  thus  main¬ 
taining  a  constant  level  in  the  distilling  llask.  The  distillate 
is  then  extracted  with  four  or  li\  e  portions  of  ether.  The 
ethereal  extractions  are  consolidated  and  evaporated,  and  the 
residue  is  heated  to  160°  C.,  to  rid  it  of  any  fatty  acids  that 
may  be  present.  The  residue  is  then  dissolved  in  a  small 
amount  of  distilled  water  and  the  solution  filtered.  During 
the  distillation  the  beta-oxybu lyric  acid  is  converted  to  al- 
pha-crotonic  acid  by  the  sulphuric  acid  present,  and  is  then 
ready  for  titration.  The  filtered  solution  is  titrated  with 
N/IO  sodium  hydroxid  V.  S.,  and  the  amount  of  beta-oxy- 
butyric  acid  calculated.  The  N/10  factor  for  crotonic  acid 
is  0.0086,  and  for  beta-oxybutyric  acid  is  O.OKU. 

Van  Slyke-Fitz  Method  for  the  Determination  of  Beta- 
hydroxy  jutyric  Acid,  Diacetic  Acid,  and  Acetone  in  the  Urine 
(from  Joslin). — Removal  of  Glucose  and  Other  Interfering 
Substances. — 25  mils  of  urine  are  measured  into  a  250-mil 
graduated  (lask,  100  mils  of  water  and  50  mils  of  a  20  jier 
cent.  cop[)er  sulphate  solution  are  added,  and  the  solutions  are 
well  mixed.  To  this  mixture  50  mils  of  10  per  cent,  calcium 
hydrate  mixture  are  added.  I'he  solution  is  well  shaken  and 
tested  with  litmus.  If  the  reaction  is  not  alkaline,  add  more 
calcium  hydrate.  'Fhe  solution  is  then  diluted  to  the  mark 
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and  left  to  stand  one-half  hour  in  order  to  precipitate  the 
glucose  present.  It  is  then  filtered  through  a  dry  folded  filter. 
This  procedure  will  remove  all  the  glucose  of  an  8  per  cent,  or 
weaker  solution;  therefore  urine  containing  more  should  be 
so  diluted  that  the  percentage  of  glucose  may  be  less  than  8 
per  cent.  To  be  sure  that  the  filtrate  is  free  from  glucose  a 
little  is  boiled  in  a  test-tube.  A  yellow  precipitate  (of  CuoO) 
will  indicate  glucose,  a  white  precipitate  (of  CaCOa)  has  no 
significance. 

Technic. — Into  a  500-mil  Erlenmeyer  flask  are  measured 
25  mils  of  the  urine  filtrate  plus  100  mils  of  water,  and  10 
mils  of  50  per  cent,  sulphuric  acid,  together  with  35  mils  of 
a  10  per  cent,  solution  of  mercuric  suljihate.  The  flask  is 
then  connected  with  a  reflux  condenser  having  a  straight  con¬ 
densing  tube  of  8  to  10  mm.  diameter,  and  is  heated  to  boil¬ 
ing.  After  the  boiling  has  begun,  5  mils  of  5  per  cent,  potas¬ 
sium  dichromate  solution  are  added  through  the  condenser 
tube  and  the  boiling  is  continued  gently  for  one  and  one-half 
hours.  The  precipitate  which  forms  consists  of  the  mercury 
sulphate  compound  of  acetone,  both  the  preformed  acetone 
and  that  formed  by  the  oxidation  of  the  hydroxybutyric  acid. 
The  precii)itate  is  collected  into  a  Gooch  crucible  or  into  a 
medium  density  alundiim  crucible,  is  washed  with  2U0  mils 
of  cold  water,  followed  by  a  little  95  per  cent,  alcohol,  is  dried 
for  air  hour  at  1 10°  C.,  and  weighed.  Factors  for  calculating 
the  acetone  bodies  in  the  urine  when  25  mils  of  the  filtrate, 
e(|uivalent  to  2.5  mils  of  urine,  are  used  for  the  determination: 
one  milligram  of  beta-oxybutyric  acid  yields  8.7  mgms.  of 
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precipitate:  one  milligram  of  acetone  yields  Id. 7  mgms.  of 
precipitate.  The  amount  of  precipitate  obtained  from  the 
beta-oxybutyric  acid,  therefore,  corresponds  to  79  j)er  cent, 
of  the  acetone  that  would  be  obtained  if  each  molecule  of 
oxybutyric  acid  yielded  a  molecule  of  acetone.  The  oxidation 
is  comjdete  in  one  and  one-half  hours  and  the  conditions  arc 
so  constant  that  duplicates  usually  check  within  1  per  cent. 
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COLORING  MATTERS.  BILE,  BLOOD  PIGMENTS 

BILE 

Bile  may  occur  in  the  urine  as  the  pigment  and  as  bile 
acids,  and  may  be  detected  when  certain  pathologic  condi¬ 
tions  are  present.  The  chief  biliary  pigment  is  bilirubin, 
which  is  an  intermediate  product  between  hemoglobin  and 
urobilin.  A  urine  containing  bile  is  usually  yellowish  to  green 
or  brownish  in  color,  and,  if  shaken,  it  readily  forms  a  foam 
which  is  persistent  and  colored  the  same  as  the  urine.  Bile 
when  present  in  excessive  amounts  colors  various  tissues  of 
the  body  because  of  absorption,  and  it  also  leaves  a  permanent 
stain  on  linen  and  pajier. 

The  following  bile  jiigments  have  been  isolated;  bilirubin, 
biliverdin,  biliftiscin,  biliprasin,  bilihumin,  bilicyanin,  chole- 
prasin,  and  choletelin.  Of  these,  bilirubin  and  biliverdin  are 
the  most  important  and  predominate  in  the  bile.  These  sub¬ 
stances,  bilirubin  and  biliverdin,  are  pigments,  and  not  bile 
acids  or  bile  salts.  Biliverdin  is  the  greenish  colored  pigment, 
and  bilirubin  the  yellowish  to  red  colored  pigment. 

Bilirubin  may  be  isolated  front  the  urine  of  jaundice  pa¬ 
tients  by  extracting  the  urine  with  several  portions  of  chloro¬ 
form,  and  upon  sjiontaneous  evaporation  of  the  chloroform 
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the  pigment  crystallizes  in  the  form  of  reddish-yellow  rhombic 
plates. 

Biliverdin  is  often  found  in  stale  urine  after  bacleria  have 
had  time  to  oxidize  some  of  the  bilirubin  present.  Biliverdin 
rarely  occurs  to  any  extent  in  the  urine,  even  in  disease. 

Special  Qualitative  Tests  for  Bile. — Superimpose  5  mils 
of  the  urine  on  5  mils  of  concentrated  nitric  acid;  if  biliary 
pigments  are  present,  a  play  of  colors  will  appear  at  the 
point  of  contact  of  the  acid  and  urine,  which  should  change 
from  green  to  blue,  violet,  red,  yellow,  and  finally  to  a  yel¬ 
lowish  green.  Often,  because  of  the  oxidizing  effect  of  the 
nitric  acid,  the  colors  are  more  or  less  transient,  and  some 
of  the  colors  are  wanting.  The  appearance  of  a  green  zone  is 
a  conclusive  test  for  bile. 

Modification  of  Gmelin’s  Test.— Filter  the  urine  (this  dyes 
the  filter-paiier)  and  wash  the  filter-paper  with  distilled 
water;  the  paper  should  be  stained  yellow,  and  the  stain 
should  be  permanent.  Verify  the  presence  of  bile  by  droji- 
ping  1  drop  of  fuming  nitric  acid  on  the  stained  filler-paper; 
if  bile  is  present,  a  green  zone  apjiears  at  the  |)oint  of  contact; 
also  a  play  of  colors  may  apjiear. 

lodin  Test. — Superimpose  5  mils  of  the  urine  upon  5  mils 
of  a  2  jier  cent,  solution  of  iodin;  if  bile  is  jiresent,  a  distinct 
green  zone  apjiears  at  the  point  of  contact. 

Bile  leaves  a  permanent  yellow  stain  on  linen. 

Hammerstein’s  Test. — To  5  mils  of  the  urine  add  5  mils 
of  Ilammerstein’s  reagent  (see  Part  Vl)  and  warm  gently;  if 
bile  is  present,  a  green  color  a[)pears  immediately  after  shak- 
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iiig.  If  more  of  the  reagent  is  added,  other  colors  of  the 
si)ectra  are  produced. 

Nakayama’s  Test. — To  5  mils  of  the  urine  add  an  equal 
volume  of  a  5  per  cent,  solution  of  barium  chlorid  and  centri¬ 
fuge.  Remove  the  supernatant  liquid  by  decantation.  To 
the  sediment  add  2  mils  of  a  solution  containing  4  grams  of 
ferric  chlorid,  10  mils  of  concentrated  hydrochloric  acid,  and 
990  mils  of  95  per  cent,  alcohol.  Heat  the  mi.xture  to  boiling; 
if  bile  pigments  are  present,  a  green  color  is  produced.  If  a 
drop  of  fuming  nitric  acid  is  added,  the  color  changes  from 
green  to  violet  or  red. 

Modification  of  Obermeyer’s  Indican  Test  Applied  to  Bile. 

— To  5  mils  of  urine  add  5  mils  of  barium  chlorid  T.  S.  and 
centrifuge.  Remove  the  supernatant  liciuid  by  decantation 
and  add  3  mils  of  Obermeyer’s  reagent;  if  bile  is  present,  a 
green  color  is  produced  immediately.  The  reaction  is  e.xceed- 
ingly  delicate,  detecting  mere  traces  of  bile. 

BILE  ACIDS 

Cilycocholic  and  taurocholic  acids  are,  contrary  to  former 
belief,  abnormal  to  urine.  Idiey  may  be  present  in  the  urine 
of  jaundice  patients  in  large  amounts,  especially  in  the  jaun¬ 
dice  of  the  oI)Slructive  type,  although  even  in  these  cases  the 
urine  may  contain  but  slight  traces  of  these  substances. 

Hay’s  Test  for  Bile  Acids. — Cool  the  urine  by  placing  it  in 
an  ice-bo.x  or  by  holding  the  container  under  running  water. 
Pour  the  urine  into  a  5()()-mil  beaker  and  sprinkle  a  little 
finely  powdered  flowers  of  sulphur  upon  its  surface.  If  the 
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sulphur  sinks  at  once,  bile  acids  arc  present  in  abnormal 
amounts  (0.01  per  cent,  or  more).  If  only  after  fj;entle  shak¬ 
ing  the  sulidiur  sinks,  abnormal  amounts  from  0.0025  per 
cent,  or  more  are  present.  If  the  sulphur  remains  lloating 
after  gentle  shaking,  bile  acids  are  absent.  It  is  claimed  by 
some  writers  that  when  urobilin  is  present  in  abnormal 
amounts  it  also  reduces  the  surface  tension  of  the  urine. 

MELANIN 

This  chromogen  may  ai)pear  in  the  urine  of  patients  suffer¬ 
ing  from  melanotic  sarcoma.  Urines  containing  this  substance 
are  usually  normal  in  color  when  freshly  voided,  but  upon 
standing  the  color  gradually  changes  to  brown  or  black,  the 
change  of  color  invarialdy  commencing  at  the  surface  of  the 
urine.  Certain  oxidizing  agents,  such  as  nitric  acid,  chromic 
acid,  and  bromin-water,  give  this  brownish  to  black  color  if 
melanin  is  present  in  the  urine.  Microscopically,  melanin  ap¬ 
pears  as  minute  Irlack  granules. 

HOMOGENTISIC  ACID  OR  ALKAPTON 

Homogentisic  acid,  or  alkapton,  is  occasionallv  found  in 
the  urine  in  a  variety  of  pathologic  conditions.  Alkapton 
appears  to  be  derived  from  tyrosin  and  other  amino-acids,  and 
is  chemically  the  dihydroxy  derivative  of  phenviacetic  acid. 

Specimens  of  urine  containing  alkapton  undergo  a  color 

change  similar  to  urines  containing  melanin  and  phenol.  The 

change  in  color  commences  at  the  surface  and  the  specimen 

gradually  changes  from  a  greenish  brown  to  dark  brown  or 

black,  d'his  color  change  is  due  to  the  absorption  of  oxygen, 
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and  is  rapid  in  the  presence  of  alkalies.  Homogentisic  acid 
readily  reduces  alkaline  copper  and  silver  solutions,  but  has 
no  action  on  alkaline  solutions  of  bismuth. 

Detection. — To  25  mils  of  urine  add  lead  acetate  T.  S. 
until  precipitation  appears  to  be  complete,  and  allow  to  stand 
until  the  precipitated  lead  salt  becomes  crystalline  in  ap- 
j)earance.  Decant  the  supernatant  liquid,  add  15  mils  of 
ether,  and  pass  hydrogen  sulphid  through  the  mi.xture  until 
saturated.  This  sets  free  the  homogentisic  acid  which  dis¬ 
solves  in  the  ether.  The  ethereal  layer  is  then  decanted  and 
evaporated  on  a  watch-glass  and  the  homogentisic  acid  is  ob¬ 
tained  in  the  form  of  colorless  crystals.  These  are  dissolved 
in  10  mils  of  distilled  water  and  the  solution  is  divided  into 
two  parts.  To  one  part  add  ferric  chlorid  T.  S.;  a  transient 
blue  color  is  seen.  To  the  other  part  add  Alillon’s  reagent 
(see  Part  Vl) ;  a  yellow  precipitate  is  obtained,  which  be¬ 
comes  red  on  heating  the  mixture. 

BLOOD  PIGMENTS 

Hemoglobin  and  its  derivatives  are  the  pigments  usually 
found  in  the  blood.  Occasionally  these  are  found  in  the  urine 
enclosed  in  the  red  corpuscles,  and  in  rare  cases  they  are 
found  without  the  red  cor])uscles.  The  former  condition  is 
known  as  a  hematuria  and  the  latter  condition  as  a  hemo¬ 
globinuria.  If  but  small  amounts  of  these  pigments  are  pres¬ 
ent  in  the  urine  the  color  of  the  urine  remains  unchanged. 
When  large  amounts  of  blood  are  present,  the  urine  may  be 
colored  brown,  reddish  brown,  red,  or  “smoky.” 
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Benzidin  Reaction  for  Blood.  To  5  mils  of  urine  in  a  lesl- 
tube  add  d  or  4  drops  of  glacial  acetic  acid.  If  the  blood  be 
unchanged,  this  serves  to  lake  the  cor])uscles  and  to  convert 
the  hemoglobin  to  acid  hematin.  To  this  mixture  add  5  mils 
of  a  saturated  alcoholic  solution  of  benzidin,  mix  thoroughly, 
and  add  5  mils  of  a  fresh  solution  of  hydrogen  peroxid.  If 
blood  pigments  are  present  in  large  amounts  a  Prussian  blue 
color  develops;  if  small  amounts  of  blood  pigments  are  present 
a  green  color  develops.  A  control  should  always  be  made, 
substituting  water  for  the  urine. 

Guaiac  Test. — To  5  mils  of  urine  in  a  test-tube  adtl  a 
freshly  prepared  alcoholic  solution  of  guaiac  (see  Reagents, 
Part  VI)  until  the  entire  mixture  becomes  turbid.  Then  add 
a  solution  of  hydrogen  peroxid  or  resinitied  oil  of  turpentine; 
if  blood  is  present,  a  blue  color  appears.  If  partly  putrefied 
pus  is  present,  it  gives  a  similar  reaction  when  the  guaiac  so¬ 
lution  is  added.  Tresh  jnis  gives  a  positive  reaction  upon  ad¬ 
dition  of  hydrogen  peroxid.  If  the  color  produced  in  this  test 
is  due  to  the  presence  of  pus,  it  disappears  when  the  mixture 
is  boiled.  If  the  color  is  due  to  the  blood  pigments  present,  it 
remains  after  boiling.  Milk,  mucus,  and  sali\a  give  positive 
reactions  with  this  test  also,  but  do  not  respond  to  the  test 
when  the  mixture  is  boiled. 
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URINARY  CALCULI 

Preliminary  Examination. — Under  certain  conditions  some 
of  the  soluljle  constituents  of  the  urine  may  be  precipitated 
from  solution,  forming  "stones”  or  "calculi.”  This  is  usually 
brought  about  when  a  change  takes  place  in  the  reaction  of 
the  urine,  for  e.xample,  a  high  degree  of  acidity  has  a  tendency 
to  precipitate  uric  acid  and  urates,  whereas  an  increased  al¬ 
kalinity  tends  to  precipitate  phosphates,  carbonates,  and 
ammonium  urate.  If  this  insoluble  material  remains  in  a 
finely  divided  condition,  it  usually  leaves  the  body  in  the 
urine.  Occasionally  this  material  accumulates  on  a  blood- 
clot,  nucleus,  crystal,  or  piece  of  fibrin,  and  in  time  a  consid¬ 
erable  concretion  is  formed.  These  concretions  may  form  in 
the  kidney,  bladder,  ureter,  or  urethra.  These  concretions 
are  grouped  into  two  classes — simple  and  compound.  Simple 
calculi  contain  but  one  constitutent,  such  as  uric  acid,  cal¬ 
cium  carbonate,  calcium  o.xalate,  etc.  The  compound  cal¬ 
culi  contain  more  than  one  constituent. 

Method  of  Analysis. — Examine  the  calculi  macroscopically, 
observing  its  size,  color,  markings,  etc.  Then  break  open  and 
note  any  concentric  markings  and  color.  Powder  a  small 
portion  and  examine  as  follows: 

A.  Ignite  a  small  amount  of  the  powdered  specimen  on  a 
platinum  foil,  and  if  it  emits  the  odor  of  burning  feathers  or 
horn  it  indicates  the  ])resence  of  albumin. 
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B.  Ignite  a  small  pnrru)n  of  the  ])o\vdcre(l  specimen  on  a 
platinum  foil;  an  odor  resembliirg  benzoic  or  cinnamic  acids 
indicates  the  presence  of  urostealith. 

C.  Ignite  a  small  portion  of  the  sjrecimen  on  platinum  foil; 
if  it  chars  and  is  completely  consumed  upon  further  ignition, 
and  the  murexid  test  gives  a  violet  color  upon  warming,  it  in¬ 
dicates  the  presence  of  xanthin;  if  a  red  color  persists,  it  in¬ 
dicates  the  presence  of  uric  acid. 

D.  Ignite  a  small  portion  of  the  specimen  on  platinum  foil; 
if  it  burns  with  a  bluish  flame,  emitting  the  odor  of  sulphur 
dioxid,  it  indicates  the  presence  of  cystin. 

E.  If  the  residue  obtained  after  igniting  some  of  the  spec¬ 
imen  on  a  platinum  foil  is  solul)le  in  acetic  acid  without  effer¬ 
vescence,  it  indicates  the  presence  of  earthy  phosphates. 

F.  If  the  residue  obtained  after  igniting  some  of  the  speci¬ 
men  on  platinum  foil  is  soluble  in  acetic  acid  with  effervescence 
it  indicates  the  presence  of  calcium  carbonate  or  calcium  ox¬ 
alate.  In  order  to  differentiate  between  calcium  carbonate 
and  calcium  oxalate  a  portion  of  the  original  specimen  is  used. 
To  a  small  portion  of  the  specimeir  add  acetic  acid,  and  if 
effervescence  occurs,  j)ass  the  gas  into  5  mils  of  calcium  hy- 
droxid  T.  S.;  if  a  white  precii)itate  forms,  it  indicates  the 
presence  of  carbonic  acid  (carbonate).  If  the  powdered 
si)ecimen  is  insoluble  in  acetic  acid,  calcium  o.xalate  is  in¬ 
dicated. 

G.  If  the  residue  obtained  after  igniting  some  of  the 
specimen  on  platinum  foil  is  insoluble  in  hydrochloric  acid, 
or  if  when  fused  with  sodium  carbonate,  and  dissolved  in 
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SEPARATION  AND  IDENTIFICATION  OF  PRINCIPAL  CON¬ 
STITUENTS  OF  URINARY  CALCULI 

Boil  aljout  1  gram  of  the  powdered  sample  in  20  mils  of  distilled 
water  and  filter.  Reserve  the  residue  for  examination  by  Table  2. 


Fillralc. 

The  filtrate  may  contain  cal¬ 
cium,  magnesium,  sodium,  po¬ 
tassium,  and  ammonium,  also 
uric  acid. 


Residue. 

The  residue  may  contain  cal¬ 
cium,  phosiihates,  oxalates,  urates, 
and  uric  acid. 


'J'o  the  filtrate  add  2  mils  of  concentrated  IICl  and  allow  to  stand 
twenty-four  hours.  A  deposit  of  reddish-brown  crystals  indicates 
uric  acid.  Filter,  and  concentrate  the  filtrate  to  10  mils. 


TABLE  1 


To  2  mils 

To  2  mils 

To  2  mils 

To  2  mils 

To  2  mils 

of  the  fil- 

of  the  fil- 

of  the  fil- 

of  the  filtrate 

of  the  filtrate 

trate  add 

trate  add 

trate  add 

add  2  mils  of 

add  an  excess 

(NIl4)2C2- 

NILOtl  T. 

2  mils  of 

sodium 

of  KOH  T.  S. 

(>4  T.  S.;  a 

S.,  followed 

PtCL  T.  S. 

cobaitic  ni- 

and  boil;  if 

white  pre- 

by  an  ex- 

and  con- 

trite  solution; 

the  vapor 

cipitate  in- 

cess  of  Na2- 

ccntrate  to 

a  yellow  ppt. 

turns  red  lit- 

dicates  Ca. 

HBO4  T.  S. 

one-half  its 

indicates  K. 

mus  blue  and 

(Calcium). 

and  rub  the 

volume;  a 

(Potassium). 

has  an  am- 

sides  of  the 

yellow  crys- 

monical  odor 

test  -  tube 

talline  ppt. 

it  indicates 

with  a 

indicates 

the  presence 

glass  stir- 

Na.  if  K.  is 

of  NIL  (.'^m- 

ring  rod,  al- 

absent.  If 

monium). 

low  to  stand 

K.  is  pres- 

one  -  half 

ent  use  jw- 

hour;  crys- 

tassium  co- 

talline  p|)t. 

l.udtic  ni- 

indicates 

trite  solu- 

Mg.  (Mag- 

tion;  a  yel- 

nesium). 

low  ])pt.  in- 

dicates  Na. 

(Sodium). 
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TABLE  2 

Examination  of  Rf.sidue  Insoia'iile  in  Water 

Treat  the  residue  insoluble  in  water  with  10  mils  of  hydrochloric 
acid,  and  examine  the  resulting  lic|uid  for  the  following  (an  elTer- 
vescence  indicates  carbonates);  an}'  residue  insoluble  in  IICl  indicates 
uric  acid. 


Neutral- 

To  2  mils 

To  2  mils 

'I'reat  any 

Dissolve  a 

ize  2  mils 

of  ammoni- 

of  the  acid 

residue  in- 

small  amount 

of  the  acid 

um  molyb- 

solution  a[>- 

soluble  in  HCl 

of  the  sample 

solution 

date  so- 

ply  the 

with  HXOs, 

in  IICl,  neu- 

with  NH4- 

lution  add 

m  u  r  e  X  i  d 

evaimrate  to 

tralize  with 

OH  and 

2  mils  of 

test;  if  |)os- 

dryness;  if 

KOII  T.  S., 

addtXIDo- 

the  acid  so- 

itive,  it  in- 

the  residue 

and  add  an 

^2(^)4;  <1 

lution;  a 

dicates  the 

is  pink  in 

excess  of  HCb- 

white  ppt. 

yellow  pjit. 

jiresence  of 

color  it  in- 

II3O2,  and 

indicates 

indicates 

urates. 

dicates  uric 

neutral- 

Ca.  (Cal- 

p  h  0  s  - 

acid.  If  upon 

ize  with  X"H4- 

cium). 

phates. 

the  addition 

OH,  and  add 

of  XH4OII  a 

CaCli  T.  S.;  a 

[)urple  color 

white  pi)t.  in- 

ajipears,  it 

dicates  oxa- 

\erihes  the 

lates.  Eiltcr, 

presence  of 

add  acetic 

uric  acid. 

acid  to  resi¬ 
due;  if  insol¬ 
uble  it  verities 
presence  of 
oxalates. 

water,  it  forms  a  llocculent  precipitate  witli  concentrated 
hydrochloric  acid,  it  indicates  the  jiresence  of  silica. 

H.  Dissolve  a  small  portion  of  the  powdered  specimen  in 
10  mils  of  concentrated  nitric  acid  and  evaporate  to  drvness 
on  a  water-bath;  add  3  drops  of  concentrated  ammonium 
hydro.xid;  if  a  purple  color  ajipears,  uric  acid  or  urates  are 
present. 
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METALLIC  POISONS 

Occasionally  the  analyst  is  called  upon  to  examine  the 
urine  for  metallic  poisons,  and  those  most  frequently  seen  are 
lead,  mercury,  and  arsenic.  The  appearance  of  these  sub¬ 
stances  in  the  urine  is  usually  of  great  diagnostic  or  prog¬ 
nostic  importance. 

DETECTION  OF  LEAD 

Evaporate  2000  mils  of  the  urine  to  200  mils  and  add  an 
equal  volume  of  20  per  cent,  hydrochloric  acid  and  5  grams  of 
potassium  chlorate.  The  mixture  is  then  heated  on  a  water- 
bath,  and  when  the  evolution  of  chlorin  ceases,  add  5  grams 
more  of  potassium  chlorate,  and  repeat  the  operation  until 
the  mixture  no  longer  gives  off  the  fumes  of  chlorin.  This  is 
indicated  by  the  absence  of  a  green  gas  after  the  addition  of 
potassium  chlorate.  If  the  mixture  becomes  concentrated 
add  an  equal  volume  of  distilled  water.  The  resulting  liquid 
is  allowed  to  cool,  diluted  with  distilled  water,  and  filtered. 
Divide  the  filtrate  into  four  portions,  and  to  separate  portions 
add  dilute  sul])huric  acid,  potassium  iodid  T.  S.,  potassium 
dichromate  T.  .S.,  and  hydrogen  sulphid  gas.  If  lead  is  pres¬ 
ent  the  portion  to  which  dilute  sulphuric  acid  was  added 
will  produce  a  white  precipitate,  the  portion  to  which  potas¬ 
sium  iodid  T.  S.  was  added  will  produce  a  yellow  preciintate, 
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the  portion  to  which  potassium  dichromate  T.  S.  was  added 
will  produce  a  yellow  precipitate,  and  the  portion  to  which 
hydrogen  sulphid  gas  was  added  will  produce  a  black  preeij)- 
itate.  If  lead  is  absent  no  precipitate  will  appear  in  any  of  the 
solutions. 

DETECTION  OF  MERCURY 

Vogel  and  Lee’s  Method. — Acidulate  150  mils  of  the  urine 
with  5  mils  of  concentrated  hydrochloric  acid,  and  boil  down 
to  25  or  50  mils  o\'er  a  free  flame.  Then  add  dry  potassium 
chlorate  until  the  solution  is  colorless  or  nearly  so,  and  add 
50  mils  of  distilled  water.  The  mi.xture  is  then  boiled  until 
the  odor  of  chlorin  is  no  longer  prevalent.  A  piece  of  copper 
wire,  about  4  cm.  long,  is  bent  twice  upon  itself,  and  is 
cleaned  by  boiling  for  a  few  moments  in  a  test-tube  with  a 
little  dilute  hydrochloric  acid,  which  may  be  poured  off  and 
replaced  with  two  or  three  changes  of  distilled  water.  The 
wire  is  then  dropped  from  the  test-tube  directly  into  the 
beaker  of  eva]K)rated  urine.  It  is  allowed  to  remain  here  for 
two  or  three  hours,  or  if  no  deposit  be  ap]-)arent  on  the  wire, 
for  a  longer  ])eriod  of  time,  when  it  is  transferred  with  a  glass 
rod  and  carefully  washed  with  a  little  distilled  water.  After 
gentle  drying  with  filter-paper  it  is  slijijied  into  a  jiiece  of 
glass  tubing  (about  5  or  4  mm.  diameter  and  15  cm.  long) 
with  one  end  sealed.  The  wire  should  not  be  touched  with 
the  fingers.  It  is  then  pushed  to  the  closed  end  of  the  tube. 
.After  it  a  small  piece  of  gold  foil  is  inserted,  to  occupy  a  jio- 
sition  about  2  cm.  above  the  u|)])er  end  of  the  bent  cojijier 
wire.  The  tube  is  held  in  a  horizontal  position,  and  the  end 
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holding  the  wire  is  heated  intermittently  and  gently  over  a 
low  flame,  preferably  that  of  a  spirit  lamp.  Only  the  wire 
and  not  the  foil  should  be  heated.  The  gold  foil  should  be 
watched  carefully  during  this  process  for  any  appearance  of 
silvering.  When  only  a  small  amount  of  mercury  is  present 
there  may  be  merely  tiny  silvery  spots  visible  only  with  a 
magnifying  glass,  while  with  larger  amounts  there  will  be  a 
readily  perceptible  amalgam.  Vogel  and  Lee  state  tliat  this 
test  is  given  with  a  dilution  of  mercuric  chlorid  as  low  as  1  : 
1,000,000,  containing  0.00002  gm.  of  mercury.  However,  if 
calomel  is  taken  internally  it  may  give  a  positive  reaction 
with  this  test. 

DETECTION  OF  ARSENIC  (REINSCH’S  TEST) 

Acidulate  20  mils  of  urine  with  5  mils  of  concentrated 
hydrochloric  acid  and  introduce  a  piece  of  bright  copper  foil. 
Heat  the  mixture  to  boiling  and  set  aside  for  six  to  eight  hours. 
The  arsenic,  if  present,  is  deposited  on  tlie  copper  foil  as  a 
bluish-gray  film.  The  foil  is  then  removed,  washed  with  al¬ 
cohol,  and  also  with  ether,  and  allowed  to  dry  spontaneously. 
The  foil  is  then  rolled  into  a  scroll  and  inserted  into  an  igni¬ 
tion  test-tube.  The  tube  is  heated  just  under  the  copper 
foil.  If  arsenic  is  ])resent,  it  is  volatilized  and  octahedral 
crystals  of  arsenic  trioxid  dejwsit  on  the  cooler  jxwtion  of 
the  tube.  The  crystals  can  readily  be  recognized  by  the  micro¬ 
scope  or  a  magnifying  glass. 

If  a  ciuantitative  estimation  of  arsenic  is  desired,  the 
Marsh-Berzelius  method  may  be  used.  It  is  a  very  delicate 
inethod,  but  is  long  and  tedious. 
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MICROSCOPIC  CONSTITUENTS  OF  THE  URINE 

Chapter  NIV 

GENERAL  CONSIDERATIONS 

The  microscopic  examination  of  the  urinary  sediment  plays 
an  imj^ortant  part  in  the  routine  analysis  of  the  urine.  An 
examination  of  the  urine  is  not  complete  unless  it  includes 
the  microscopic  examination  of  the  urinary  sediment.  The 
time  consumed  in  careful  search  of  the  microscopic  constit¬ 
uents  is  time  well  spent,  since  to  the  practitioner  the  pres¬ 
ence  of  certain  microscopic  constituents  is  often  of  more 
clinical  si<fnificance  than  the  determination  of  some  of  the 
normal  chemical  constituents.  For  example,  it  is  a  well- 
recognized  fact  that  the  characteristics  of  the  urine  in  chronic 
interstitial  ne]:)hritis  are  the  ap|)arent  absence  of  albumin, 
a  low  si)ecilic  f^ravity,  and  the  presence  of  hyaline  casts. 
Now  then,  if  the  microscoi)ic  examination  be  omitted  this 
important  patholoj^ic  condition  would,  in  all  probability,  be 
overlooked.  The  student  is  ur^ed  to  examine  as  many 
physiolof^ic  si)ecimens°as  the  time  allowed  in  the  course  will 
I)ermit,  thus  familiarizin.if  himself  with  the  normal  micro¬ 
scopic  constituents,  especially  the  leukocytes,  epithelial  cells, 
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and  round  cells  which  are  ordinarily  found  in  both  male  and 
female  urine. 

PREPARATION  OF  THE  SEDIMENT 

All  urine  contains  some  sediment,  although  this  may  not  be 
apparent  when  the  specimen  is  first  voided.  The  amount  of 
sediment  may  vary  from  a  mere  cloud,  which  appears  on 
standing,  to  a  dense  mass  of  solid  material  forming  from  one- 
cjuarter  to  one-half  of  the  total  volume.  When  the  amount 
of  sediment  is  considerable  its  character  must  be  determined 
early  in  the  examination,  since  the  method  of  procedure  may 
vary,  depending  upon  the  character  of  the  substances  present. 
The  character  of  the  sediment  is  usually  determined  with 
the  aid  of  the  microscope.  Pus,  if  present  in  large  amounts, 
forms  a  ropy,  gelatinous  mass  after  the  addition  of  sodium 
hydroxid  T.  S.  The  nuclei  of  epithelial  cells  and  leukocytes 
are  made  more  prominent  by  the  addition  of  a  drop  or  two  of 
36  per  cent,  acetic  acid,  and,  as  a  rule,  this  is  necessary  for 
the  purposes  of  identification.  The  specimen  should  be 
examined  microscopically  before  the  addition  of  acetic  acid, 
as  the  acid  destroys  blood-corpuscles.  The  urine  should  be 
examined  microscopically  as  soon  as  possible,  because  upon 
standing  various  chemical  changes  take  place  and  bacterial 
growths  soon  occur.  If  the  specimen  is  preserved  by  cooling, 
the  urates  and  uric  acid  may  form  the  bulk  of  the  sediment, 
d'hese  may  be  dissoKed  by  placing  the  container  in  warm 
water  just  before  the  e.xamination.  Certain  enzymes  which 
occur  normally  in  the  urine  and  others  derived  from  bacteria 
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have  a  tendency  to  destroy  the  oritanized  sediment.  There¬ 
fore  the  specimen  must  l)e  as  fresh  as  possil)le. 

Technic. — Tn  order  to  obtain  a  representative  sediment  the 
urine  is  poured  into  a  conical  precipitating  jar  (see  Tig.  2d) 


Eig.  24. — a,  (iraduatcd  ccnlri- 
fuRc  tube;  b,  i)lain  centrifuge  tube. 
(Sa.xe.) 


and  allowed  to  stand  six  or  eight  hours.  This  gives  the  sedi¬ 
ment  an  opportunity  to  settle  out.  A  2()-mil  pipet  is  lowered 
to  the  bottom  of  the  jar,  excluding  the  supernatant  urine  from 
the  pipet,  and  the  suspended  sediment  is  allowed  to  How  into 
the  pii)et;  15  mils  of  this  suspension  are  [)oured  into  a  conical 


126 


MANUAL  OF  URINE  AN.VLYSIS 


Fig.  25. — Purdy  centrifuge  (Saxe). 


Fig.  26. — Water-power  centrifuge  (Saxe). 

centrifuge  tube  (Fig.  24)  and  centrifuged  in  a  Purdy  type  cen¬ 
trifuge  (Fig.  25)  for  from  five  to  ten  minutes.  Then  take  the 
tube  out  of  Utc  centrifuge  and  iritroduce  a  1-mil  pipet  into  the 
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Fig.  27. — Enclosed  centrifuge. 


Fig.  28. — Hand  centrifuge. 

Ijoltom  of  the  tuljc,  the  in(lex-rin<'er  l)eing  placed  firmly  over 
the  u])per  ojiening  of  the  pijiet  so  as  not  to  allow  any  urine  to 
enter  the  pipet  while  it  is  being  lowered  to  the  bottom  of  the 
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tube.  When  the  pipet  touches  the  bottom  of  the  tube  release 
the  pressure  on  the  pipet  l^y  removing  the  finger,  and  the  sedi¬ 
ment  will  flow  into  the  pipet.  The  upper  end  of  the  pipet  is 
again  closed  with  the  inde.x-finger  and  the  outside  of  the  pipet 
is  wiped  dry  with  a  piece  of  filter-paper;  2  or  3  drops  of  the 
fluid  containing  the  sediment  are  placed  on  several  clean  glass 
slides,  and  cover-glasses  are  applied  in  such  a  manner  as  to 
exclude  all  air-bubbles.  A  single  drop  of  acetic  acid  may  be 
applied  to  the  sediment  either  before  or  after  application  of 
the  cover-glass.  If  too  much  fluid  is  present  the  cover-glass 
will  float  high  and  will  be  unsteady;  also  much  focussing  will 
be  necessary.  The  slide  is  then  placed  upon  the  microscope, 
the  amount  of  light  regulated,  and  the  sediment  examined 
with  the  low-power  lens.  Management  of  light  is  of  utmost 
importance  in  examining  these  unstained  sediments.  A  flood 
of  light  usually  obliterates  casts  and  other  microscopic  ele¬ 
ments.  After  examination  with  the  low-power  lens  the  sedi¬ 
ment  is  then  examined  with  the  high-power  lens  of  the  micro¬ 
scope  and  the  microscopic  elements  identified.  For  bacterial 
examination  the  urinary  sediment  must  be  stained  and  then 
examined  with  an  oil-immersion  lens. 
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CLASSIFICATION  OF  URINARY  SEDIMENTS 

Thk  microscopic  sediments  may  lie  divided  into  two  classes: 

((/)  The  organized,  airatomic,  or  morphologic  sediments. 

(b)  The  unorganized  or  chemical  sediments. 

(a)  The  organized  sediments:  1,  Casts.  2,  Cylindroids. 
3,  Epithelial  cells.  4,  Leukocytes.  5,  Erythrocytes.  6,  Sper¬ 
matozoa.  7,  Urethral  filaments.  8,  4'issue  debris.  9,  An¬ 
imal  parasites.  10,  Eilirin.  11,  Micro-organisms.  12,  Eor- 
eign  substances  due  to  contamination. 

ORGANIZED  Sediments 
CASTS 

Casts  may  be  di\  ided  into  six  classes;  as  a  class  they  do 
not  possess  much  refractility,  and  unless  the  light  be  well 
regulated  they  are  readily  o\’erlooked. 

Casts  are  formed  in  the  uriniferous  tubules,  and  they  rep¬ 
resent  an  impression  or  casting  of  the  tubule,  the  tubule  serv¬ 
ing  as  a  mold  for  the  cast  (Eig.  29).  The  cast  itself  is  prob¬ 
ably  colloidal  in  composition,  and  its  e.xact  source,  whether 
from  the  blood  or  from  material  found  in  degenerated  renal 
cells,  is  not  exactly  known.  The  presence  of  casts  in  the  urin¬ 
ary  sediment  usually  signifies  acute  or  chronic  congestion  or 
inflammation  of  the  kidney.  If  the  urine  is  alkaline  in  re- 
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action,  the  casts  disintegrate  readily  and  gradually  dissoK-e 
in  the  alkaline  urine.  Therefore  it  is  desirable  to  examine 
the  urine  as  soon  as  i)ossil)le.  Casts  are  more  or  less  cylindric 
in  shape,  with  parallel  sides  and  rounded  ends. 


Fig.  29. — Casts. 
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Granular  Casts. — Granular  casts,  as  a  rule,  have  no  hyaline 
matrix.  'I'hey  are  usually  shorter  than  hyaline  casts,  e.xceed- 
inyly  brittle,  and  straw  colored  when  unstained.  When 
stained  with  eosin  they  are  brownish-red  in  color.  They  are 
usually  composed  of  degenerated  epithelial  cells  together  with 
granular  material  from  disintegrated  leukocytes,  fat,  albumin, 
etc.  (see  Fig.  2b).  Granular  casts  may  be  coarsely  granular 
or  finely  granular  in  character. 

Hyaline  casts  are  found  in  the  urinary  sediment  in  [irac- 
tically  all  kidney  disorders,  and  are  the  most  difficult  of  all 
renal  casts  to  detect  microscopically.  Hyaline  casts  are  color¬ 
less,  transparent  cylinders,  with  a  very  low  refractive  index. 
They  are  very  inconspicuous,  and  are  often  found  with  diffi¬ 
culty.  A  few  granules  and  an  occasional  cell  may  be  adher¬ 
ent.  It  is  the  predominant  type  of  cast  in  the  abnormal 
urinary  sediment  fsee  Fig.  2b). 

Epithelial  Casts. — If  cast  formation  occurs  during  active 
des(|uamation  of  renal  epithelium,  the  cells  may  be  included 
in  the  substance  of  the  cast,  or  they  may  cover  the  surface 
of  the  cast.  Such  casts  are  called  epithelial  casts,  and  they 
should  be  dilferentiated  from  hyaline  or  granular  casts  which 
have  only  a  few  adherent  ej)ithelial  cells.  Acetic  acid  is 
always  necessary  for  the  identification  of  the  e|)ithelium,  and 
casts  of  this  kind  should  not  be  confused  with  juis  casts. 
Fpithclial  casts  arc  usually  found  in  the  urinary  sediment  in 
severe  acute  and  subacute  nephritis,  and  in  the  acute  exacer¬ 
bations  of  chronic  nephritis  fsee  Fig.  2b'). 

Blood  Casts.  I  hese  are  casts  formed  wholly  or  in  part  of 
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blood-corpuscles.  They  are  formed  in  the  presence  of  the 
blood  in  the  renal  tubules,  and  indicate  the  presence  of  a 
severe  nephritis  or  renal  hemorrhage.  The  corpuscles  are 
usually  devoid  of  pigment,  and  are  seen  only  by  very  careful 
focussing  (see  Fig.  29).  Occasionally  these  casts  appear  pale 
yellow  in  color. 

Fatty  Casts. — If  the  cjuantity  of  fat  on  a  cast  is  large  in 
amount,  so  that  it  practically  covers  the  cast,  the  cast  is 
called  “fatty”;  if  but  a  few  fat  drops  are  present,  the  cast  is 
said  to  be  a  hyaline  or  granular  cast,  as  the  case  may  be, 
“with  fat  adherent.”  The  fat  drops  on  the  surface  of  the  cast 
are  derived  from  the  renal  cells  which  have  undergone  a  fatty 
degeneration.  Fat  drops  are  readily  identified  by  their  glis¬ 
tening  appearance  obtained  by  careful  focussing,  and  by  their 
staining  reaction  with  sudan  III  or  osmic  acid,  but  staining 
is  usually  unnecessary.  Fatty  casts  are  usually  found  in 
cases  of  acute  diffuse  nephritis,  in  subacute  diffuse  nephritis, 
and  also  in  chronic  diffuse  nephritis  (see  Fig.  29). 

Waxy  casts  are  highly  refractive,  transparent  and  homo¬ 
geneous,  and  vellow  to  yellowish-gray  in  color.  Small  waxy 
casts  are  occasionally  found,  but  the  average  diameter  of  the 
waxy  casts  is  greater  than  that  of  other  forms.  W  axy  casts 
are  often  identified  at  the  side,  and  one  or  both  ends  may 
ap|)ear  broken.  The  term  “waxy”  is  applied  to  these  casts 
because  of  their  wax-like  appearance.  The  presence  of  waxy 
casts  in  the  urine  indicates  a  serious  lesion  of  the  kidney.  It 
was  thought  at  one  time  that  when  they  were  found  in  the 
urine  death  would  soon  follow,  but  this  is  no  longer  belie\ed. 
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When  stained  with  cosin  they  produce  a  hright  vermilion 
color.  They  are  only  t)ccasionally  found  in  the  urine  (see 
Fig.  2d). 

Pus  casts  are  those  covered  with  leukocytes.  The  leuko¬ 
cytes  are  usually  granular  and  often  their  nuclei  are  entirel}^ 


obscured.  Casts  having  an  occasional  leukocyte  adherent 
should  not  be  reported  as  pus  casts.  Their  presence  in  the 
urine  indicates  renal  suppuration.  (See  Tig.  30.) 

CYLINDROIDS 

Tn  the  urinary  sediment  mucin  a])pears  as  long,  irregular 
masses,  which  may  be  macroscojric  in  size.  This  material 
usually  forms  in  the  ])rostate  gland,  and,  when  voided, 
microsco])ically  resembles  a  large  renal  cast  i]i  form,  and  is 
known  as  prostatic  plugs.  Spermatozoa,  leukocytes,  and 
prostatic  c])ithelial  cells  are  also  found  in  them.  These  c^din- 
droids  are  also  called  false  casts  (see  Fig.  3l).  Tn  aj)- 
pearance  they  are  smaller  in  diameter  than  true  casts,  and 
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they  usually  taper  at  each  end.  It  is  possible,  however,  for 
the  ends  to  be  broken  off,  so  that  the  remaining  portion  of 
the  cylindroid  exactly  resembles  a  hyaline  cast.  It  is  exceed¬ 
ingly  difficult  to  differentiate  between  them  and  a  careful 
search  must  be  made  for  the  other  segments.  As  a  rule,  care¬ 


ful  search  will  always  result  in  the  finding  of  a  sufficient 
number  of  characteristic  bodies  to  determine  the  proper 
diagnosis.  Their  origin  is  a  subject  that  brings  forth  more 
or  less  discussion.  They  have  no  connection  with  renal  dis¬ 
ease  since  they  are  found  in  both  physiologic  and  pathologic 
urines. 

EPITHELIAL  CELLS 

Renal  Epithelium. — Renal  epithelial  cells  are  derived  from 
the  tubules  of  the  kidney.  They  vary  in  size,  the  largest 
being  slightly  larger  than  a  leukocyte.  These  larger  cells  are 
probably  deri\'ed  from  the  collecting  tubules,  and  the  smaller 
cells  from  the  smaller  tubules  in  the  cortical  portion  of  the 
kidney.  Nearly  all  of  the  renal  cells  found  in  the  urine  are 
more  or  less  si)heric  in  sha|)e  as  a  result  of  maceration  in  the 
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fluid,  and  they  appear  rounded  under  the  inicroscoi)e.  They 
are  more  or  less  jiranular  in  appearance  and  the  nucleus  is 
seen  with  difliculty.  A  drop  of  acetic  acid  usually  dissolves 
the  granular  material,  thus  rendering  the  nucleus  more  dis¬ 
tinct.  The  nucleus  is  single,  rounded,  and  is  located  near 
the  center  of  the  cell.  Occasionally  these  renal  cells  undergo 
fatty  degeneration,  the  fat  appearing  on  the  surface  of  the 
cells  as  minute  droplets.  These  renal  cells  are  found  in  the 
urinary  sediment  in  the  second  stage  of  acute  nephritis  (see 
Fig.  32).  Renal  cells  resemble  the  so-called  small  round  cells 
and  must  be  differentiated  from  them.  The  renal  cells  are 
usually  adherent  to  casts,  while  the  small  round  cells  are 
always  free. 

Pelvic  Epithelium. — The  ejnthelia  from  the  superficial 
layers  of  the  renal  pelvis  are  of  the  small  caudate  variety. 
The  body  of  the  cell  is  slightly  larger  than  a  leukocyte,  and 
the  caudal  portion  is  often  bent  and  sometimes  bifurcated. 
The  cells  freriuently  ai)pcar  triangular  and  often  elliptic  in 
shai)e;  the  cytoj)lasm  is  decidedly  granular,  and  the  nucleus 
can  be  seen  readily  without  the  aid  of  acetic  acid.  In  the 
early  stage  of  acute  inflammatory  processes  many  pelvic  cpi- 
thelia  arc  found  in  the  urine  either  singly  or  in  clumps,  al¬ 
most  always  accompanied  by  blood  (see  Fig.  32).  Thev 
are  frequently  stained  with  the  blood  pigment. 

Other  Epithelial  Cells. — The  remaining  types  of  epithelial 
cells  may  be  classilied  as  follows:  (</)  Large  flat  cells  usuallv 
seen  in  the  urine  may  come  from  the  ureters,  bladder,  or  va¬ 
gina  (see  Fig.  33). 
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(/;)  The  round  cells,  somewhat  larger  than  the  leukocytes, 
with  clearly  delincd  nuclei,  usually  come  from  the  uriniferous 
tubules  and  from  the  deep  layers  of  the  mucous  membrane 
of  other  portions  of  the  urinary  tract  (see  Fig.  34), 


Fig.  32. — Epithelial  cells. 
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F  ig.  33. — Large  flat  cells. 


Fig.  34. — Round  cells. 


Fig.  35. — Caudate  cells. 
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(c)  The  caudate  cells  are  more  or  less  elliptic  or  triangular 
in  shape,  with  a  distinctly  tail-like  prolongation,  and  usually 
come  from  the  renal  pelvis  or  the  neck  of  the  bladder  (see 
Fig.  35).  One  should  remember  that  the  forms  of  the  cells 
are  not  characteristic  of  any  one  locality  in  the  urinary  tract. 
To  attemi)t  to  locate  the  exact  position  of  the  inflammatory 
process  in  the  urinary  tract  by  the  identification  of  a  certain 
type  of  epithelium  is  not  practicable,  and  is  a  mistake  that  is 
often  made  by  well-informed  laboratory  technicians. 

LEUKOCYTES 

The  leukocytes  which  appear  in  the  urine  are  the  polymor¬ 
phonuclear  neutrophils  of  the  blood.  Their  characteristics 
are  their  size,  granular  appearance,  and  extreme  irregularity 
of  the  nucleus.  In  strongly  acid  urines  the  nucleus  is  well 
defined,  but  ordinarily  it  is  necessary  to  add  acetic  acid  which 
dissolves  the  granules.  In  alkaline  urines  the  proteins  are 
dissolved  from  the  leukocytes,  the  outline  of  the  cell  is  lost, 
and  at  a  certain  stage  of  the  process  only  the  more  resistant 
nuclei  remain.  When  an  excess  of  sodium  hydroxid  T.  S.  is 
added  to  the  urine  the  leukocytes  form  a  jelly-like  mass  called 
ropy  pus.  This  test  is  of  little  value,  as  the  microscope  offers  a 
better  means  of  identification  (see  Fig.  36).  A  few  leukocytes 
are  found  in  normal  urine.  .\  large  number  of  leukocytes  in 
the  urinary  sediment  indicates  an  inilammatory  lesion  and 
their  origin  must  be  determined.  Inilammatory  lesions  of 
tlie  bladder  (cystitis)  lead  to  the  formation  of  considerable 
cjuantities  of  pus,  more  than  from  other  parts  of  the  urinary 
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tract  except  when  abscess  is  present.  As  a  rule,  in  cystitis 
the  urine  is  alkaline  in  reaction,  and  the  pus  becomes  ropy. 
In  prostatitis  and  in  intlammation  of  the  neck  of  the  bladder 


Fig.  36. — Leukocytes:  a,  Normal;  b,  after  treatment  with  acetic  acid; 
c,  after  treatment  with  ammonium  carbonate. 

spermatozoa  are  often  found  associated  with  the  epithelia 
of  the  bladder  and  prostate. 

ERYTHROCYTES 

These  appear  in  the  urine  as  the  normal  biconcave  or 
spheric  erythrocyte.  When  the  blood-corpuscle  enters  the 
urine  a  variety  of  changes  take  place  in  the  structure  of  the 
corpuscle.  The  hemoglobin  contained  in  the  blood-cor])uscle 
dissolves  out  rapidly,  and  the  corpuscle  becomes  colorless  or 
a  ])ale  yellowish  red.  Also  the  cor])uscles  are  jn-one  to  swell, 
losing  their  biconcave  form  and  becoming  biconvex  and  cre- 
nated  (see  Fig.  37).  The  term  **normal  blood”  is  api)lied  to 
those  corj)uscles  that  retain  their  normal  color,  and  “abnor¬ 
mal  blood”  is  ap])lied  to  those  cori)uscles  from  which  the  color 
has  been  lost.  ]flood-cori)uscles  are  detected  in  the  urine  by 
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Iheir  salmon-like  color,  by  their  biconcave  form  or  crenated 
margin,  and  by  their  size  and  lack  of  structure.  Plant  spores 
and  pollen  resemble  erythrocytes,  but  the  high-power  lens 
of  the  microscope  will  show  evidence  of  their  structure. 
When  a  specimen  of  urine  contains  much  blood,  other  elements 
in  the  urinary  sediment  may  be  covered  with  blood  so  that 
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Fig.  37. — Red  blood-corpuscles  in  urine:  .1,  Shadow  cells  from  a  case 
of  nephritis;  B,  fresh  red  coq)uscles;  C,  crenated  corpuscles  in  a  urine  of 
high  specific  gravity  (X  475).  (J.  C.  Todd,  Clinical  Diagnosis.) 


they  cannot  be  identified.  A  few  drops  of  acetic  acid  will 
hemolyze  the  blood  present,  and  the  sediment  is  then  collected 
in  the  usual  manner  for  e.xamination. 


SPERMATOZOA 

Spermatozoa  are  freciuently  found  in  the  urine,  and  their 
appearance  is  not,  as  a  rule,  cotisidered  abnormal.  Their 
persistant  presence  in  the  male  urine  may  be  the  result  of  a 
physiologic  overflow,  and  the  condition  is  known  as  a  sper¬ 
matorrhea.  Spermatozoa  are  usually  non-motile  when  found 
in  the  urinary  sediment  (see  Fig.  38).  They  are  oval  or 
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Uulpole-shaped  bodies  about  50  microns  in  length.  The  oval 
body  and  long  lash-like  tail  are  characteristic.  Certain 
pathologic  conditions,  such  as  diseases  of  the  genital  organs, 


Fig.  38. — Spermatozoa  (Ogden). 

nocturnal  emissions,  and  epileptic  attacks,  may  cause  the 
appearance  of  spermatozoa  in  the  urine. 


URETHRAL  FILAMENTS 

Urethral  filaments  arc  jicculiar  thread-like  bodies,  gener¬ 
ally  macroscopic  in  apjiearance,  and  occasionally  seen  in 
normal  urine.  The  first  morning  urine  is  usually  used  when 
urethral  filaments  are  sus])cctcd.  The  following  jiathologic 
conditions  usually  produce  these  bodies  in  the  urine:  acute 
gonorrhea,  chronic  gonorrhea,  and  urethrorrhea. 
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TISSUE  DEBRIS 

Occasionally  fragments  of  tissue  are  found  in  the  urine, 
especially  in  certain  diseased  conditions  of  the  urinary  tract, 
such  as  tuberculous  affections  of  the  kidney  or  urinary  tract, 
and  also  in  cancer  or  tumors  of  the  kidney  or  urinar>'  tract. 
One  must  make  a  histologic  examination  of  these  tissue  frag¬ 
ments.  however,  in  order  to  ascertain  their  origin. 


FIBRIN 

Clots  of  fibrin  are  sometimes  found  in  the  urinary  sediment 
following  hematuria. 

MICRO-ORGANISMS 

Normally,  urine  contained  in  the  bladder  is  free  from  bac¬ 
teria,  but  when  exposed  to  the  air  bacteria  are  always  pres¬ 
ent.  Urines  thus  exposed  undergo  ammoniacal  fermentation, 
and  this  can  be  attributed  to  the  action  of  the  micrococci 
urea;.  When  fermentation  commences,  it  usually  occurs 
upon  the  surface  of  the  urine  in  almost  pure  cultures,  usually 
in  chain-like  growths.  The  individual  micrococcus  is  large  and 
colorless  anrl  may  be  mistaken  for  corpuscular  shadows. 
Pathologically  the  following  organisms  may  be  found;  Sta- 
])hylococci,  streptococci,  gonococci,  jmeumococci,  Bacillus 
coli,  tubercle,  and  typhoid.  For  the  bacteriologic  examination 
of  the  urinary  sediment  the  student  is  referred  to  Todds 
Clinical  Diagnosis  by  Laboratory  Methotls. 
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FOREIGN  SUBSTANCES  DUE  TO  CONTAMINATION 

Foreign  sulrstances  due  lo  conUuninalion  may  consist  of 
starch  granules,  hair,  sjHiluin,  feces,  fat,  muscle-fibers,  fibers 


Fig.  .FA — Fxtraneous  matters  found  in  urine:  a,  Flax-fibers;  h,  cot¬ 
ton-fibers;  c,  feathers;  d.  hairs;  c,  potato-starch  granules;/,  rice-starch 
granules;  g,  wheat-starch  granules;  h,  air-bubbles;  /,  muscular  tissue; 
k,  vegetable  tissue;  /,  oil-globules.  (J.  C.  'Fodd,  Clinical  Diagnosis.) 

of  silk,  wool,  linen,  cotton,  feathers,  dusting-powders,  par¬ 
ticles  of  food,  etc.,  and,  as  a  rule,  they  are  not  mistaken  for 
any  of  the  true  constituents  of  the  urine  (see  Fig.  39). 


chapter  XVl 


THE  UNORGANIZED  SEDIMENTS 

The  unorganized  sediments  consist  of  the  following:  am¬ 
monium  magnesium  phosphate  or  triple  phosphate,  uric  acid, 
urates,  calcium  oxalate,  calcium  phosphate,  cystin,  leucin 
and  tyrosin,  hippuric  acid,  and  bilirubin  or  hematoidin. 


AMMONIUM  MAGNESIUM  PHOSPHATE 

Ammonium  magnesium  phosphate  crystallizes  in  two  forms 
from  the  urine,  i.  e.,  in  long  prisms  or  so-called  coffin-shaped 


Fig.  40. — Trii)le  phosphate  crystals  (Ogden). 

crystals,  and  the  stellate,  feathery,  or  fern-leaf  crystals  (see 
Fig.  40).  The  latter  are  usually  grouped.  These  crystals 
are  usually  found  in  alkaline  urines  and  are  seldom  seen  in 
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:inii)hotcric  or  acid  urines.  They  are  readily  soluble  in  acetic 
acid.  The  lollowinji:  palholoffic  conditions  may  produce  an 
abundance  of  the.se  crystals,  chronic  cystitis,  chronic  jiyelitis, 
ami  enlarged  prostate. 

URIC  ACID 

Uric  acid  crystals  may  appear  in  the  urine  in  the  following 
forms:  Rhombic  prisms,  wedge  shajied,  dumbbells,  whet¬ 
stones,  he.xagonal  plates,  and  prismatic  resets  (see  Fig.  41). 


Fig.  41. — Uric  acid  crystals  with  amori)hous  urates  (after  Peyer). 

They  are  usually  brownish-red  in  color,  occasionally  they  are 
colorless,  d'he  brick-dust  sediment  fre(|uently  seen  in  urine 
is  due  to  sodium  urate  and  not  to  uric  acid.  If  much  uric 
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acid  is  present  in  the  urine  it  is  apt  to  crystallize  from  the 
urine  in  the  cold,  since  the  acid  is  more  soluble  in  hot  or 
warm  water  than  in  cold.  It  also  crystallizes  readily  from 
Intensely  acid  urines.  It  is  slightly  soluble  in  alkalies.  For 
chemical  identification  of  uric  acid  crystals  apply  the  murexid 
test. 

URATES 

The  urates  of  sodium,  potassium,  and  ammonium  occur 
most  frequently  in  the  urine  as  a  brick-dust  sediment.  The 


Fig.  42. — .\mmonium  urate,  sliowing  spherules  and  thorn-apple-shaped 
crystals  (after  Peyer). 

individual  urate  is  more  or  less  salmon  colored.  The  urates 
of  sodium  and  potassium  are,  as  a  rule,  amorphous,  the  am- 
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monium  urate  is  crystalline  and  also  amorphous.  When 
the  high-power  lens  is  used,  spines  or  “thorns”  may  be  seen, 
and  for  this  reason  they  are  frequently  called  “thorn  apjde 
crystals”  (see  Fig.  42)  A  colored  sediment  in  an  acid  urine 
which  dissoh'es  on  heating  is  almost  always  due  to  urates. 
According  to  Simon,  if  a  drop  of  this  colored  sediment  be 
treated  with  a  drop  of  hydrochloric  acid,  lozenge  or  whetstone 
crystals  will  api)ear,  but  the  greater  jwrtion  of  the  sediment 
will  appear  as  rhombic  plates. 


CALCIUM  OXALATE 


Crystals  of  calcium  oxalate  are  almost  always  found  in  acid 
urine.  They  occur  in  two  common  forms,  octahedral  crystals 


Fig.  43. — \’arious  forms  of  calcium  o.xalatc  crystals  (Ogden). 

which  vary  in  size,  sometimes  called  enc  elopc  crystals,  because 
of  their  shape  and  similarity  to  envelopes;  and  the  dumb¬ 
bell  crystals  which  seem  to  be  composed  of  bundles  of  needle- 
shaped  crystals  so  combined  as  to  form  a  ligure  cS  (see  Fig.  4d). 
The  enveloi)e-shaped  calcium  oxalate  crystals  are  differenti¬ 
ated  from  the  similar  form  of  trii)le  phosphate  crystals  in  that 
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they  are  insoluble  in  acetic  acid,  whereas  the  triple  phosphate 
crystals  are  soluble.  The  dumbbell-shaped  crystals  of  calcium 
oxalate  are  differentiated  from  the  similar  form  of  uric  acid 
crystals  in  that  a  drop  of  sodium  hydroxid  T.  S.  dissolves  the 
uric  acid  crystals  and  it  has  no  action  on  the  calcium  oxalate 
crystals. 

CALCIUM  PHOSPHATE 

Calcium  phosphate  may  occur  in  the  urine  as  amorphous, 
granular  or  cystalline,  or  wedge-shaped  crystals,  and  occa¬ 
sionally  as  rosets.  They  are  sometimes  mistaken  for  sodium 

\ 


Fig.  44. — Acid  calcium  phosiihate  crystals  (Ogden). 

urate,  but  may  be  differentiated  from  the  latter  by  dissolving 
them  in  acetic  acid.  The  urate  is  but  slightly  soluble  in  ace¬ 
tic  acid,  and  the  phosphate  is  readily  soluble  (sec  big.  44). 

CYSTIN,  (C,H„NS0..)2 

This  substance  may  be  considered  as  a  diamido  derivative 
of  a  dilactic  acid  containing  two  atoms  of  sulphur.  1  he  sub¬ 
stance  is  optically  active.  4'wo  isomeric  forms  are  knovn, 
the  dextro-  and  Icvorotary.  It  is  contained  in  various  ]irotein 
molecules  from  which  it  is  readily  split  olf.  It  is  destroyed  in 
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the  liealthy  l)0{ly  and  does  not  occur  in  normal  urine.  The 
ajipearance  of  cystin  in  the  urine  is  rare,  hut  when  it  does 
occur  it  is  not  necessarily  pathologic.  Cystin  contains  ap¬ 
proximately  25  per  cent,  of  sulidmr,  and  when  a  urine  contain¬ 
ing  it  undergoes  ammoniacal  fermentation  the  odor  of  hydro¬ 
gen  sulphid  is  evolved. 

Cystin  occurs  as  colorless  hexagonal  jdates,  also  as  ejuad- 
rilatcral  prisms.  It  is  insoluble  in  water,  alcohol,  and  ether. 
It  is  soluble  in  mineral  acids,  oxalic  acid,  and  in  solutions  of 
fixed  and  volatile  carbonates  and  hydroxids.  Glacial  acetic 
acid  precipitates  it  from  solution. 

Crystals  of  cystin  are  seldom  seen  in  the  urinary  sedi¬ 
ments.  This  rare  crystal  occurs  in  the  urine  in  two  forms. 


Fig.  45. — Cystin  crystals  (Ogden). 


as  he.xagonal  tablets  with  an  opalescent  luster,  or  as  four¬ 
sided  scjuare  prisms  lying  separate  or  in  stellate  formation 
(see  Fig.  45). 

Detection  of  Cystin  in  the  Urinary  Sediment. —'Freat  the 
sediment  with  a  strong  solution  of  sodium  hydroxid,  add  a 
few  drops  of  benzoyl  chlorid,  and  shake  vigorously.  If  cystin 
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ISO 

is  present  a  voluminous  precipitate  of  benzoyl  cystin  will  ap¬ 
pear.  Cystin  is  insoluble  in  hydrochloric  and  acetic  acids. 
When  heated  upon  a  platinum  foil  the  si.x-sided  crystals  bum 
with  a  bluish  flame  without  fusion. 


LEUCIN  AND  TYROSIN 

Leucin  and  tyrosin  when  found  in  the  urine  always  appear 
together.  They  may  occur  in  solution  or  in  the  sediment. 


Fig.  46. — Leucin  crystals  (Ogden). 


Fig.  47. — Tyrosin  crystals  (Ogden). 
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Lciu'in  appears  as  small,  highly  refract i\c',  yellcnvish  s])her- 
oids  which  show  both  radial  and  concentric  markings  (^^ee 
Im^.  4b).  'I'vrosin  forms  Inindles  of  ascicular  crystals  (see 
I'isj;.  47).  I’athologic  conditions,  such  as  yellow  atrophy  of 
the  liver  and  phosphorus  ]ioisoniu,t>:,  cause  their  appearance 
in  the  urine. 


HIPPURIC  ACID 


llippuric  acid  rarely  occurs  in  the  urine.  It  cipstallizes  iir 
tile  form  of  jirisms  or  ncedle-shapetl  crystals,  usually  colored 


48. — IIi])]niric  acid  crc'stals  (O^den). 


brownish  red  (see  I'd.ii.  4S).  'Fhex’  are  more  soluble  in  water 
than  the  uric  acid  crystals.  'I'heir  iiresence  is  of  no  clinical 
si,tiniticance. 


I'ii'.  4U. —  I k-matoidin  (liiliruhin)  crystals  (Oyden). 
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BILIRUBIN  OR  HEMATOIDIN 
'I'hese  suljstances  occur  in  the  urine  in  the  form  of  needle- 
shaped  crystals  or  rhomboids  (see  Fi".  4‘)).  They  are 
readily  soluble  in  chloroform  and  potassium  hydroxid  'F.  S. 
d'hey  are  found  in  the  urine  in  certain  pathologic  conditions, 
such  as  jaundice,  waxy  kidney,  carcinoma  of  the  liver,  and 
typhoid  fe\er. 


(‘liaitter  X\’l I 


THE  COLORIMETER 

rni:  more  advanced  melliods  used  in  the  analysis  of  urine 
in\ol\  e  the  use  of  a  physical  instrument  known  as  the  color¬ 
imeter.  Several  types  of  this  instrument  may  be  found  on 
the  market  today.  The  two  best  known  instruments  are  the 
l)uboscf|  and  the  Ilelli.tte  colorimeters.  The  l)uboscf|  color¬ 
imeter  is  the  better  one  of  the  two  because  of  its  accuracy, 
although  it  is  more  e\pcnsi\e  than  the  Hellitte.  For  success 
in  cok)rimetric  methods  of  analysis  it  is  essential  that  all 
solutions  be  clear,  that  all  precipitates  be  removed  by  lillra- 
tion,  and  that  all  traces  of  cloudiness  be  cleared  up  before 
attcmi)tiny  to  use  the  instrument.  The  best  results  are  ob¬ 
tained  usiny  well  rettulated,  diffused  dayliyht,  oA'er  a  wliitc 
surface.  Artilicial  liyht  may  be  used,  but  it  recpiires  a  con¬ 
siderable  amount  of  skill  on  the  part  of  the  technician  to 
obtain  an  accurate  readinti.  d'he  l)ubosc(|  colorimeter  is 
manufactured  by  Hausch  cA  bomb,  of  Rochester,  New  ^'ork. 

PARTS  OF  THE  DUBOSCQ  COLORIMETER 

The  Duboscf]  colorimeter  is  made  u|)  of  the  followin.y  parts 
(see  Fiy.  50); 

1,  d  he  ba>e.  2,  'I'he  upriyht.  o,  'Phe  eye|)iece.  4,  'Phe 
prism  housiiijr,  containing  the  "lass  |)iTms.  5,  d,  'Phe  "lass 
plunders.  7,  '!'hc  "lass  c>  linders.  S,  'Phe  rack  and  set-screws 
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for  adjustment  of  the  fi;lass  cylinders,  d,  d’hc  mirror,  which 
has  a  clear  surface  and  an  opaciue  surface. 

In  usin"  the  colorimeter,  standards  containing;  a  known 
amount  of  chemical  in  solution  are  used  and  the  unknowns 


Fi".  50. —  I)ul)(isc’(|  rolorinictcr. 


arc  com])ared  with  these  standards;  lor  e\ami)le,  the  liciuids 
to  be  comimred,  i.  c.,  the  standard  and  the  unknown,  are 
|)laced  in  the  "lass  cylinders  and  the  |)lun,"ers  manij>ulatcd 
until  the  two  halves  of  the  field  arc  brought  to  an  identical 
intensity. 
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DIRECTIONS  FOR  USING  THE  DUBOSCQ  COLORIMETER 

Into  one  of  the  glass  cylinders  place  the  standard,  and  into 
the  other  the  unknown  solution.  Then  by  adjusting  the  cyl¬ 
inders  any  desired  thickness  of  solution  can  be  viewed  be¬ 
tween  the  bottom  of  the  cylinders  and  the  base  of  the 
plungers.  This  is  usually  accomplished  by  using  the  rack 
and  set-screws.  Regulate  the  position  of  the  mirror  by  look¬ 
ing  through  the  eyepiece,  moving  the  mirror  so  that  the  two 
halves  that  appear  in  the  held  of  \’ision  appear  ecjual  in  inten¬ 
sity.  This  is  all  accomplished  with  the  cylinders  empty. 
The  colorimeter  is  then  charged  with  the  standard  solution 
and  the  unknown.  The  cylinder  containing  the  standard  is 
next  lowered  to  the  desired  thickness  or  depth,  and  on  looking 
through  the  eyepiece  at  this  ])oint  the  field  of  vision  represent¬ 
ing  the  standard  will  appear  darker  and  the  unknown  usually 
will  appear  different  in  color.  The  cylinder  containing  the 
unknown  is  then  lowered  or  raised,  as  the  case  may  be,  until 
the  two  halves  of  the  field  of  vision  appear  eciual  in  intensity 
of  color.  When  this  is  accomplished  it  is  then  only  necessary 
to  read  the  heights  of  the  two  layers  of  liquid  possessing  an 
equal  power  of  absorption.  The  difference  between  the  two 
scale  rearlings  represents  the  amount  of  coloring-matter  con¬ 
tained  in  the  unknown.  For  example,  the  scale  readings  are 
as  follows: 

The  standard,  20;  the  unknown,  40.  The  calculation  is  as 
follows:  I  o'  =  0.5.  The  color  of  the  standard  =  1,  and  the 
unknown  =  0.5.  If  the  standard  solution  contains  5  mils  of 
chemical  in  each  100  mils,  then  the  unknown  would  contain 
5X0.5  or  2.5  mils  per  100  mils. 
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CONDENSED  LABORATORY  DIRECTIONS  FOR 
CHEMICAL  EXAMINATION 

Chapter  XVIII 

PHYSICAL  CHARACTERISTICS  OF  THE  URINE 

The  Amount. — The  average  daily  excretion  of  urine  for  a 
person  of  average  weight  in  normal  health  is  between  1200 
and  1500  mils  for  a  twenty-four-hour  period. 

The  color  of  physiologic  urine  varies  from  a  light  yellow 
to  a  dark  amber. 

The  following  terms  are  used  to  describe  the  color  of  the 
urine:  ^*pale,”  ^'normal,”  and  *  high.”  Certain  drugs  affect 
the  color  of  urine. 

The  Odor.— The  odor  of  urine  is  described  as  “fresh”  or 
“not  fresh.”  Frecjuently  the  odor  is  neither  aromatic  nor 
ammoniacal;  it  is  then  described  as  being  “peculiar.”  Do 
not  attempt  to  name  the  odor.  Certain  foods  affect  the  odor 
of  the  urine. 

The  Sediment.— The  amount  of  sediment  present  in  urine 
is  reported  as  “very  slight,”  “slight,”  “much,”  or  “consider¬ 
able.” 

The  reaction  of  a  twenty-four-hour  urine  is  usually  acid, 
sometimes  amphoteric,  and  rarely  alkaline. 

7V(7////r.— Use  two  |)ieces  of  litmus-paper,  one  red  and  one 
blue;  immerse  each  strij)  in  the  urine,  so  that  half  of  it  is 
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moistened;  then  with  distilled  water  moisten  the  entire  strip. 
This  eliminates  any  chaipi^e  in  the  test  paper  due  to  moisture 
alone,  and  hrin,e:s  out  sharply  any  slight  changes  in  the  color 
of  the  litmus-paper  by  allowing  a  comj)arison  between  the 
adjacent  parts  of  each  strip  of  the  test  jmirer. 

The  specific  gravity  of  normal  urine  of  1200  to  1500  mils 
in  volume  for  twenty-four  hours  ranges  from  1.017  tt)  1.020. 
dhe  specific  gravity  of  pathologic  urines  may  range  from 
1.001  to  1.060. 

Technic. — Allow  the  sample  to  cool  to  60°  F.,  then  pour 
into  a  50-mil  cylinder  to  within  1  inch  of  the  top,  and  im¬ 
merse  the  urinometcr;  be  sure  that  it  floats  freely  and  does 
not  adhere  to  sides  of  the  cylinder;  then  with  the  eye  on  a 
level  with  the  surface  of  the  urine  the  division  of  the  scale  is 
read  off,  which  corresponds  to  the  cur\'e  of  the  meniscus. 

Calculation  of  Total  Solids  in  Urine. — This  may  be  ac¬ 
complished  using  Haser’s  formula.  It  uses  the  last  two 
figures  of  the  specific  gravity,  for  exam])le,  specific  gravity 

1.018,  -  ^  X  amount  of  urine  voided  in  twcnt3’-four 

hours  =  grams  of  total  solids  voided  in  twent^'-four  hours. 

CHEMICAL  CHARACTERISTICS  OF  THE  URINE 
UREA,  CARBAMID,  (NH.J.CO. 

The  Hypobromite  Method  for  the  Approximate  Estimation 
of  Urea. —  I'cchiiic. — Fill  the  tube  of  the  ureometer  with  hj^- 
Iiobromile  solution,  dis])lacing  all  the  air;  then  measure  ex¬ 
actly  1  mil  of  urine  with  a  pipet,  and  introduce  it  drop  bv 
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drop,  allowing  it  to  pass  into  the  reagent  in  the  tube.  When 
the  bubbles  of  gas  (N)  cease  to  rise  in  the  ureometer  (this 
usually  ceases  at  the  end  of  one-half  hour)  the  amount  of 
urea  may  be  read  directly  from  the  graduated  scale.  This 
multiplied  by  100  gives  the  percentage  of  urea  (so  called)  in 
the  sample.  If  it  is  desired  to  find  the  amount  of  urea  elim¬ 
inated  in  twenty-four  hours,  multiply  the  amount  of  urea 
obtained  from  1  mil  by  the  number  of  mils  of  urine  voided 
in  twenty-four  hours. 

Urease  Method. —  Technic. — Make  a  1  : 10  dilution  of  urine. 
Take  5  mils  of  this  dilution  for  the  test.  Place  in  a  100-mil 
tube;  add  a  few  drops  of  toluene  to  prevent  subsequent  foam¬ 
ing,  then  add  1  mil  of  a  15  per  cent,  solution  of  arlco-urease. 
Stopper  the  tube  and  allow  to  stand  fifteen  minutes  at  20°  C., 
or  ten  minutes  at  25°  C.  Then  connect  the  tube  with  a  deliv¬ 
ery  tube  through  its  stopper  with  a  second  tube  containing 
25  mils  of  fiftieth  normal  hydrochloric  acid.  Aerate  the  di¬ 
gestion  for  a  half-minute  after  the  reaction  is  complete  and 
before  the  tube  is  opened,  in  order  to  prevent  loss  of  any  am¬ 
monia  fumes  in  the  upper  part  of  the  tube.  Open  the  tube 
and  add  5  grams  of  dry  potassium  carbonate,  close  quickly, 
and  aerate  for  fifteen  minutes  until  all  the  ammonia  gas  has 
been  carried  into  the  standard  acid.  Then  disconnect  the 
apparatus  and  titrate  the  e.xcess  acid  solution  to  the  neutral 
point  with  fiftieth  normal  sodium  hydroxid,  using  phenol- 
phthalein  as  an  indicator.  The  number  of  mils  of  fiftieth 
normal  acid  neutralized  by  the  ammonia  from  the  urea  mul¬ 
tiplied  by  0.12  gives  the  percentage  of  urea  in  the  urine,  or  by 
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0.056  gives  the  percentage  of  urea  nitrogen.  Ordinarily,  with 
tlie  proper  technic,  about  twenty  minutes  is  required  to  com¬ 
plete  the  analysis,  provided  the  ajiparatus  and  reagents  are 
all  at  hand.  A  check  test  should  always  be  made  under  the 
same  conditions,  except  that  the  urease  is  omitted.  This 
gives  the  amount  of  ammonia  produced  by  the  action  of  the 
alkali  on  all  other  nitrogenous  substances  present  other  than 
urea.  This  amount  is  deducted  from  the  result  obtained 
when  the  urease  is  present.  The  aeration  in  this  test  is  usually 
accomplished  with  a  suction  pump. 

URIC  ACID,  H2C.,H2N403;  LITHURIA 

Determination  of  Uric  Acid  (.After  Ruhemann,  using  a 
Uricometer). — This  method  uses  a  standard  solution  of  iodin. 
In  this  test  the  urine  must  be  acid  in  reaction  and  free  from 
albumin  and  sugar.  If  the  urine  is  alkaline  in  reaction,  it 
should  be  rendered  slightly  acid  with  a  few  drops  of  acetic 
acid.  Traces  of  sugar  may  be  disregarded.  .Albumin  is  us¬ 
ually  removed  by  acidifying  the  urine  with  acetic  acid  and 
boiling,  the  filtered  urine  being  used. 

Technic. — .Add  carbon  disulphid  to  the  uricometer  so  that 
the  lower  j^art  of  the  meniscus  touches  the  graduation  at  S, 
then  slowly  add  Ruhemann’s  iodin  solution  until  the  upper 
part  of  the  meniscus  touches  the  mark  J,  then  add  the  urine 
to  the  lowest  numbered  grafluation  on  the  tube,  and  shake 
well.  Continue  to  add  the  urine  a  few  drops  at  a  time  until 
the  reddish-brown  color  imparted  by  the  iodin  in  the  carbon 
disulphid  changes  to  a  milky  white.  This  is  the  end-point  of 
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the  reaction.  The  addition  of  the  urine  a  few  drops  at  a 
time  causes  the  reddish-brown  color  of  the  iodin  to  change 
first  to  violet,  then  purple,  pink,  pale  pink,  and  finally  white. 
It  should  reciuire  from  ten  to  twenty  minutes  to  complete  the 
test,  as  the  tube  should  be  shaken  vigorously  for  one-half 
minute  after  each  addition  of  urine.  If  the  uric  acid  content 
of  the  urine  is  low,  half  the  amount  of  iodin  is  used  and  the 
rest  of  the  graduation  to  the  mark  J  filled  with  distilled  water. 
The  reading  on  the  tube  is  then  di\'ided  by  2.  However,  if 
the  uric  acid  content  is  high,  the  amount  of  iodin  solution  is 
doubled  and  the  reading  multiplied  by  2. 

INDICAN,  KC,H,,NS04 

Obermeyer’s  Test  for  Indican. —  TecJniic. — To  25  mils  of 
filtered  urine  add  10  mils  of  a  10  per  cent,  solution  of  lead 
acetate  and  filter;  to  10  mils  of  the  filtrate  add  2  mils  of  chlo¬ 
roform  and  10  mils  of  Obermeyer’s  reagent.  Close  the  tube 
with  a  stopper  and  shake  well.  The  reagent  is  composed  of 
concentrated  hydrochloric  acid  containing  0.2  jier  cent,  of 
ferric  chlorid.  The  hydrochloric  acid  sets  free  indo.xyl,  and 
the  ferric  chlorid  acts  as  an  o.xidizing  agent,  oxidizing  the 
indo.xyl  to  indigo.  The  chloroform  extracts  the  indigo,  caus¬ 
ing  it  to  turn  blue,  the  depth  of  the  color  depending  upon 
the  amount  of  indican  present.  If  the  color  of  the  chloroform 
is  not  more  than  a  light  blue,  indican  is  present  in  normal 
amounts.  If  the  chloroform  is  colored  deeper  than  a  light 
blue,  indican  is  jiresent  in  increased  amounts.  If  a  violet 
color  is  obtained  instead  of  a  blue  it  shows  the  presence  of 
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iodids.  'Ehc  addilion  of  two  crystals  of  sodium  thiosulidiate, 
the  size  of  a  small  pea,  discharges  the  color  of  the  iodids,  and 
leaves  the  blue  indigo  unaffected.  If  formaldehyd  has  been 
useil  as  a  preservative  this  test  cannot  be  used.  The  lead 
acetate  is  used  in  the  test  to  remo\  e  bile  and  urinary  pigments. 

CHLORIDS 

Comparative  Test  for  Chlorids. — To  10  mils  of  albumin- 
free  urine  add  1  mil  of  nitric  acid  T.  S.  Then  add  1  drop  of  a 
1  :  8  solution  of  silver  nitrate.  If  the  drop  of  silver  nitrate 
forms  a  solid  mass  and  sinks  to  the  bottom  of  the  tube,  chlo¬ 
rids  are  present  in  normal  amounts.  If  the  drop  diffuses 
through  the  liquid  and  forms  a  turbidity  or  a  curdy  precipi¬ 
tate,  chlorids  are  present  in  decreased  amounts 

Reported  as  normal  or  decreased. 

Quantitative  Estimation  of  Chlorids. — Chlorids  mav  be 
estimated  gravimetrically,  volumelrically,  or  l)y  use  of  the 
centrifuge. 

Centrifugal  Method  for  the  Estdnialion  of  Chlorids. — Place 
10  mils  of  the  filtered  urine  in  a  centrifuge  tube,  add  1  mil 
of  nitric  acid  and  4  mils  of  1  :  8  silver  nitrate  solution.  Invert 
the  tube  to  insure  mixing;  then  allow  to  stand  five  minutes 
to  secure  comjilete  jirecipitation.  Then  centrifuge  for  three 
minutes,  remove  the  tube,  and  the  bulk  percentage  of  silver 
chlorid  is  read  off  directly.  Each  bulk  ])er  cent,  of  silver 
chlorid  is  e(-|ui\'alent  to  0.08  per  cent,  of  chlorin  (Cl). 

Caution. — In  the  test  above  the  albumin  must  be  removed 
first. 


II 
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PHOSPHATES 

Comparative  Test  for  Earthy  Phosphates. — To  10  mils  of 
filtered  urine  add  ammonia-water  until  the  odor  of  ammonia 
persists.  Allow  to  stand  fifteen  minutes.  If  no  precipitate 
forms,  phosphates  are  absent.  If  from  i  to  |  inch  of  pre¬ 
cipitate  forms,  phosphates  are  normal.  If  the  precipitate  is 
less  than  J  inch  in  bulk,  phosphates  are  decreased.  If  the 
precipitate  is  more  than  |  inch  in  bulk,  phosphates  are  in¬ 
creased. 

Comparative  Test  for  Alkaline  Phosphates. — Remove  the 
earthy  phosphates  from  10  mils  of  the  filtered  urine,  using 
the  test  above,  then  add  10  mils  of  magnesia  mixture  and  al¬ 
low  to  stand  overnight.  If  no  precipitate  forms,  alkaline 
phosphates  are  absent.  If  from  ^  to  f  inch  of  bulk  precip¬ 
itate  forms,  alkaline  phosphates  are  normal.  If  the  precipi¬ 
tate  is  less  than  |  inch  in  bulk,  phosphates  are  decreased. 
If  the  precipitate  is  more  than  f  inch  in  bulk,  phosphates  are 
increased. 

Phosphates  may  be  determined  volumetrically,  using  a 
standard  solution  of  uranium  nitrate. 

Centrifugal  Method  for  the  Estimation  of  Phosphates. — To 
10  mils  of  clear  filtered  urine  in  a  centrifuge  tube  add  2  mils 
of  50  per  cent,  acetic  acid,  followed  by  3  mils  of  a  5  per  cent, 
solution  of  uranium  nitrate.  Mix  the  tube  by  inversion  and 
allow  to  stand  five  minutes.  Then  centrifuge  for  three 
minutes  at  a  speed  of  1500  revolutions  per  minute.  Each 
bulk  percentage  of  uranium  i)hosphate  equals  0.04  gram  of 
P,05. 


CHEMICAL  CHARACTERISTICS  OE  THE  URINE  163 
SULPHATES 

Comparative  Test  for  Sulphates. —To  10  mils  of  the  fil¬ 
tered  urine  in  a  test-tube  add  1  mil  of  concentrated  HCl, 
followed  by  3  mils  of  a  10  per  cent,  solution  of  BaCb,  and 
allow  to  stand  one-half  hour  so  that  the  precipitate  may 
settle.  If  the  precipitate  fills  one-half  of  the  curvature  of  the 
test-tube,  sulphates  are  reported  as  normal.  If  the  precipi¬ 
tate  fills  more  than  one-half  the  curvature  of  the  test-tube, 
sulphates  are  reported  as  increased.  If  the  precipitate  fills 
less  than  one-half  the  curvature  of  the  test-tube,  sulphates  are 
reported  as  decreased. 

Quantitative  Estimation  of  Sulphates. — Centrifuge  Method. 
— Place  10  mils  of  the  filtered  urine  in  a  graduated  centri¬ 
fuge  tube.  Add  5  mils  of  barium  chlorid  mixture,  shake 
several  times,  and  allow  to  stand  five  minutes.  Then  centri¬ 
fuge  for  three  minutes  at  1500  revolutions  per  minute.  Each 
bulk  percentage  of  barium  sulphate  represents  about  0.25 
per  cent,  of  SO3  by  weight. 

SUGAR 

Detection  of  Glucose  in  Urine. —  Nylander’s  Test. — To  10 
mils  of  the  albumin-free  urine  add  1  mil  of  Nylander’s  re¬ 
agent,  and  boil  gently  for  five  minutes.  If  sugar  is  present, 
the  mixture  darkens  and  upon  standing  a  black  precipitate 
forms,  due  to  the  reduction  of  the  bismuth.  When  traces  of 
sugar  are  present,  the  solution  darkens,  but  no  precipitate 
forms.  If  sugar  is  absent  the  solution  does  not  darken,  but 
a  white  precipitate  may  occur  due  to  phosphates.  Any  pre- 
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cipitate  that  forms  after  the  mixture  cools  should  be  disre¬ 
garded. 

Benedict's  Test. — Boil  5  mils  of  Benedict’s  solution  to  test 
the  reagent,  then  add  4  or  5  drops  of  the  urine,  and  boil  again. 
If  sugar  is  present  a  greenish  to  yellowish  precipitate  is  ob¬ 
tained.  Very  sensitive. 

Folin-McEllroy  Test. — To  5  mils  of  Folin-AIcEllroy  re¬ 
agent  in  a  test-tube  add  5  or  8  drops  of  urine  (never  more  than 
\  mil)  and  boil  for  one  or  two  minutes,  or  digest  in  a  water- 
bath  for  three  minutes.  If  sugar  is  present  in  abnormal 
amounts  a  greenish-yellow  or  brick  red  colloidal  precipitate 
appears  in  the  hot  solution.  If  sugar  is  absent  no  colloidal 
precipitate  appears.  This  test  is  a  trifle  more  sensitive  than 
Benedict’s  test,  therefore  in  using  the  test  only  a  distinctly 
positive  result  obtained  while  the  solution  is  hot  should  be 
regarded  as  positive. 

Quantitative  Estimation  of  Sugar. — Two  standard  solutions 
are  in  general  use.  Definite  volumes  of  these  solutions  are 
reduced  by  a  definite  weight  of  glucose,  and  this  weight  is 
used  as  a  factor.  These  solutions  are,  therefore,  empirical 
solutions. 

If  albumin  is  present  it  must  be  removed. 

If  the  sj)ecific  gravity  of  the  urine  is  above  1.024  it  must 
be  diluted  with  water  before  titration. 

Technic  in  Using  Fchling's  Solution. — 10  mils  of  the  mi.xed 
Fehling’s  solution  =  0.050  gm.  of  glucose. 

Into  a  6-inch  evaporating  dish  or  a  250-mil  Frlenmeyer 
flask  place  5  mils  of  Fehling’s  Solution  A  and  5  mils  t)f  Fell- 
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ling’s  Solution  H,  add  50  mils  of  distilled  water,  and  boil. 
Then  aild  the  diluted  urine  from  a  buret  a  few  tenths  of  a 
mil  at  a  time  to  the  tx)iling  copi)er  solution.  When  the  blue 
color  disappears  note  the  number  of  mils  of  urine  consumed 
for  complete  decoU)rization.  This  amount  is  equivalent  to 
0.050  gm.  of  glucose. 

Example:  8.4  mils  of  urine  necessary  to  decolorize  the 
mixed  Fehling's  solution.  Urine  diluted  1:1,  then  the  solu¬ 
tion  is  as  follows: 

8.4  mils  of  diluted  urine  =  4.2  mils  of  undiluted  urine. 

4.2  :  O.O.SU  :  :  100  :  .x 
4.2  X  =  .^.00 

X  =  1.10  per  cent,  or 

1.10  grams  in  every  100  mils  of  urine  voided. 

If  2000  mils  of  urine  were  voided  in  twenty-four  hours,  the 
amount  of  glucose  voided  in  twenty-four  hours  is  calculated 
as  follows: 

20  X  1.10  =  23.80  grams. 

Technic  in  Using  Benedict's  Solution. — 25  mils  of  Bene¬ 
dict’s  solution  =  0.050  gram  of  glucose.  Into  a  6-inch  evapo¬ 
rating  dish  place  25  mils  of  Benedict’s  solution,  add  50  mils 
of  distilled  water,  5  grams  of  sodium  carbonate,  and  boil. 
Then  add  the  diluted  urine  from  a  buret  to  the  l)oiling  copper 
solution,  a  few  tenths  of  a  mil  at  a  time,  until  the  blue  color 
disapi)ears  and  white  precipitate  is  obtained.  The  calcula¬ 
tion  of  the  ])ercentage  of  sugar  ])resent  in  the  urine  is  the 
same  as  in  the  test  above. 

Benedict’s  solution  is  more  sensitive  than  Fehling’s  solu¬ 
tion,  also  the  end-point  is  much  sharper. 
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ALBUMIN 

Detection  of  Albumin  in  Urine. — Always  filter  the  urine  to 
be  tested.  If  cloudiness  persists,  filter  through  double  folds 
of  filter-paper.  Urine  must  be  acid  in  reaction;  if  alkaline, 
render  it  acid  with  acetic  acid. 

Heat  Test  for  Albumin. — Fill  a  test-tube  two-thirds  full  of 
urine  and  gently  boil  the  upper  portion  of  it.  If  a  white 
precipitate  appears  in  the  heated  urine,  it  may  be  due  to  the 
presence  of  albumin  or  to  phosphates.  If  upon  the  addition 
of  3  or  4  drops  of  50  per  cent,  acetic  acid  the  precipitate  disap¬ 
pears,  it  indicates  the  presence  of  phosphates;  if  the  precipi¬ 
tate  remains,  it  indicates  the  presence  of  albumin. 

Heller's  Test  for  Albumin. — Superimpose  5  mils  of  the 
urine  upon  5  mils  of  concentrated  HNO3.  If  albumin  is 
present,  a  distinct  white  zone  or  cloud  of  precipitated  albumin 
will  appear  just  above  the  junction  of  the  acid  and  the  urine. 
On  standing,  another  ring  of  urates  will  appear  above  the 
albumin  ring.  If  bile  pigments  are  present,  the  nitric 
acid  used  in  this  test  will  oxidize  them.  The  most  delicate 
test. 

Quantitative  Estimation  of  Albumin  in  Urine. — Esbach's 
Method. — This  test  is  made  in  a  standard  graduated  glass  tube 
called  an  albuminometer.  Residts  not  satisfactory. 

(a)  Add  filtered  urine  to  the  mark  U. 

(b)  Add  Esbach’s  reagent  to  the  mark  R. 

(c)  Insert  stop])er,  shake  several  times,  and  allow  to  stand 
twenty-four-hours. 

((/)  Esbach’s  albuminometer  is  graduated  to  read  from  1  to 
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7  gms.  per  1001)  mils;  this  is  equivalent  to  0.1  to  0.7  per  cent, 
of  albumin. 

(e)  After  standing  twenty-four  hours  the  percentage  is  read 
off  directly. 

This  method  is  accurate  enough  for  clinical  work  if  Tsuch- 
iya’s  reagent  is  used. 

For  rapid  estimation  of  albumin  use  Purdy’s  centrifuge 
method,  page  9,k 

BILE 

Detection. — Gmclin's  Test. — Superimpose  5  mils  of  urine 
on  5  mils  of  concentrated  nitric  acid;  if  biliary  pigments  are 
present,  a  play  of  colors  will  appear  at  the  point  of  contact  of 
the  acid  and  urine,  which  should  change  from  green  to  blue, 
violet,  red,  yellow,  and  finally  to  a  yellowish  green.  Often, 
because  of  the  oxidizing  effect  of  the  nitric  acid,  the  colors 
are  more  or  less  transient,  and  some  of  the  colors  are  wanting. 
The  appearance  of  a  green  zone  is  a  conclusive  test  for  bile. 

Modification  of  Gmelin’s  Test. — Filter  the  urine  (this  dyes 
the  filter-paper)  and  wash  the  paper  with  distilled  water;  the 
paper  should  be  stained  yellow,  and  the  stain  should  Ijc  per¬ 
manent.  Verify  the  presence  of  bile  by  dropping  1  drop  of 
fuming  nitric  acid  on  the  stained  filter-paper;  if  bile  is  present 
a  green  zone  appears  at  point  of  contact,  also  a  play  of  colors 
may  appear. 

lodin  Test. — Superimpose  5  mils  of  the  urine  on  5  mils  of 
a  2  per  cent,  solution  of  iodin;  if  bile  is  present,  a  distinct  green 
zone  appears  at  the  point  of  contact. 

Bile  leaves  a  permanent  yellow  stain  on  linen, 
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BILE  ACIDS 

Detection  of  Bile  Acids. —  Hay's  Test  for  Bile  Acids. — 
Technic. — The  urine  must  cool;  if  necessary  hold  the  flask 
containing  the  sample  under  running  water.  Upon  the  sur¬ 
face  of  the  cooled  urine  sprinkle  a  little  finely'  powdered  flow¬ 
ers  of  sulj)hur.  If  it  sinks  at  once,  bile  acids  are  present  in 
abnormal  amounts  (0.01  per  cent,  or  more).  If  only  after 
gentle  shaking  the  sulphur  sinks,  abnormal  amounts  from 
0.0025  per  cent,  or  more  are  present.  If  the  sulphur  remains 
floating  after  gentle  shaking,  bile  acids  are  absent.  It  is 
claimed  by  some  authors  that  when  urobilin  is  present  in 
abnormal  amounts  it  also  reduces  the  surface  tension  of  the 
urine. 

ACETONE:  DIMETHYL  KETONE,  (CHOa  CO 

Detection  of  Acetone  in  Urine. — In  performing  any  of  the 
tests  for  acetone  except  Rothera’s  the  urine  should  be  dis¬ 
tilled,  using  either  a  retort  or  a  large  test-tube  fitted  with  a 
cork  through  which  is  passed  a  delivery  tube  bent  so  as 
to  act  as  a  condenser.  Then  50  mils  of  the  urine  are  acidu¬ 
lated  with  5  per  cent,  acetic  acid  and  distillation  allowed  to 
proceed  until  about  one-half  of  the  original  volume  has 
been  collected.  If  necessary,  add  5  drops  of  HCl  to  the 
distillate  and  redistil. 

Rothera's  Test  for  Acetone  (Rest  test  for  Acetone). —  Tech¬ 
nic. — To  5  or  10  mils  of  the  urine  add  about  1  gram  of  am¬ 
monium  sulphate  and  2  or  3  dro])s  of  a  freshly  jirepared  5 
per  cent,  solution  of  sodium  nitroprussid.  Stratify  strong 
ammonium  hydroxid  upon  the  mixture.  If  acetone  is  pres- 
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cnt,  a  characteristic  violet  color  develops.  'Fhe  delicacy  of 
this  test  is  1  :  20,000. 

Gunning  Iodoform  Tcsl  for  Acetone. — Technic. — To  5  mils 
of  the  distillate  add  a  few  drops  of  Lugol’s  iodin  solution 
and  enough  ammonia  to  form  a  black  precipitate.  When  the 
black  precipitate  appears,  add  a  few  drops  more.  Allow  to 
stand  until  a  yellowish  sediment  appears  and  e.xamine  micro¬ 
scopically  for  iodoform  crystals.  Also  if  acetone  is  present 
the  characteristic  odor  of  iodoform  is  noticeable. 

Legal's  Test  for  Acetone. — Technic. — To  5  mils  of  the 
distillate  add  a  few  drops  of  a  freshly  prepared  concentrated 
solution  of  sodium  nitroprussid.  Render  the  mi.xture  alkaline 
with  10  per  cent.  KOH.  If  acetone  is  absent  a  red  color  due 
to  creatinin  appears  at  this  point.  Add  an  excess  of  glacial 
acetic  acid,  and  if  acetone  is  present,  the  color  will  be  inten¬ 
sified  to  almost  a  purple.  If  acetone  is  absent,  a  yellow  color 
is  seen. 


DIACETIC  ACID 

Diacetic  Acid,  Aceto-acetic  Acid,  CH3CO.CH2  COOH. — 
Detection  of  Diacetic  Acid. — To  10  mils  of  filtered  urine  add 
a  few  drops  of  neutral  ferric  chlorid  solution  and  filter  any 
precipitate  of  phosphate  that  forms.  To  the  filtrate  add  an 
excess  of  the  neutral  ferric  chlorid  solution;  a  Burgundy  red 
color  produced  in  a  clear  lrans]>arent  urine  indicates  the  pres¬ 
ence  of  diacetic  acid.  Boil  this  mixture,  and  if  the  color  dis¬ 
appears,  diacetic  acid  is  present. 

The  reaction  is  a  general  one  for  ketone  bodies,  since 
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the  same  reaction  is  given  by  acetone  as  well  as  diacetic 
acid. 

Detection  Test  for  Diacetic  Acid  {in  Traces). — Technic. — To 
5  mils  of  urine  in  a  test-tube  add  2  mils  of  dilute  acetic  acid 
(10  per  cent.)  and  add  a  small  crystal  of  sodium  nitroprussid. 
Shake  a  few  times  to  dissolve  the  salt,  then  add  an  excess  of 
stronger  ammonia-water,  and  mix.  A  violet  color  indicates 
diacetic  acid. 


BETA-OXYBUTYRIC  ACID 

Test  for  Beta-oxybutyric  Acid  in  Urine,  CH3.CHOH.  CH2.- 
COOH. — Technic. — Place  20  mils  of  the  urine  in  an  evapo¬ 
rating  dish  and  add  an  equal  quantity  of  water.  The  mixture 
is  boiled  down  to  about  10  mils  to  free  it  of  acetone  and 
diacetic  acid.  Water  is  then  added  to  bring  the  volume  up  to 
20  mils,  and  the  mixture  is  divided  equally  between  two  tubes. 
One  mil  of  hydrogen  peroxid  is  added  to  one  of  the  tubes, 
and  to  each  tube  is  added  0.5  mil  of  glacial  acetic  acid  and  a 
small  crystal  of  sodium  nitroprussid.  Mix  well  and  add  2 
mils  of  stronger  ammonia-water  without  mixing  the  liquids, 
and  allow  to  stand.  If  beta-oxybutyric  acid  is  present,  the 
contact  ring  should  show  a  purplish-red  color  in  the  tube 
containing  the  hydrogen  peroxid,  and  the  control  tube  to 
which  no  hydrogen  peroxid  has  been  added  should  remain 
colorless. 

AMMONIA,  NH3 

Volumetric  Determination  of  kmmoma..— Technic. — To  25 
mils  of  the  filtered  urine  add  5  mils  of  a  saturated  solution 
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of  potassium  oxalate  and  2  or  3  drops  of  a  1  per  cent,  alcoholic 
solution  of  phenolphthalein  (the  latter  is  used  as  aji  indicator). 
Titrate  with  tenth-normal  sodium  hydroxid  until  a  ]:)erma- 
nent  pink  color  is  jwoduced.  Then  add  5  mils  of  a  40  per 
cent,  solution  of  formaldehyd  and  retitrate  to  a  permanent 
l^ink  color.  Each  mil  of  tenth-normal  sodium  hydoxid  used 
in  the  second  titration  corresponds  to  0.0017  gram  of  NH3. 
Multiply  0.0017  by  the  number  of  mils  of  tenth-normal  so¬ 
dium  hydroxid  used,  which  gives  the  number  of  grams  of 
ammonia  in  25  mils  of  urine.  From  this  may  be  calculated 
the  total  ammonia  output  for  twenty-four  hours.  The  urine 
must  be  fresh  and  acid  in  reaction.  The  potassium  oxalate 
and  phenolphthalein  must  be  neutral  in  reaction. 

Aeration  Method  for  the  Determination  of  Ammonia. — 
Technic. — Accurately  measure  25  mils  of  urine  and  place  in 
apparatus  described  under  Aeration  Test  for  Urea;  add  2 
mils  of  toluene  and  10  grams  of  sodium  carbonate.  Place 
a  measured  quantity  of  N/10  sulphuric  acid  in  the  second 
tube  and  aspirate  for  one  or  two  hours.  The  air  carries  the 
ammonia  liberated  over  into  the  standard  acid  solution  and 
neutralizes  it.  The  residual  acid  is  titrated  with  N/10  so¬ 
dium  hydroxid,  and  the  number  of  mils  of  N/10  acid  neu¬ 
tralized  by  the  ammonia  multiplied  by  0.0017  gives  the 
number  of  grams  of  ammonia  in  25  mils  of  the  sample. 

TOTAL  ACIDITY 

Technic. — Pipet  25  mils  of  the  urine  accurately  into  a  250- 
mil  Erlenmeyer  flask,  add  10  grams  of  iiotassium  oxalate 
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and  25  mils  of  distilled  water,  and  titrate  with  N/10  NaOH 
V.  S.,  using  2  drops  of  phenolphthalein  as  the  indicator. 
The  first  appearance  of  a  permanent  pink  color  indicates  the 
end-point.  The  total  acidity  is  usually  calculated  in  terms 
of  HCl,  using  0.00365  as  the  N/10  factor. 


rART  VI 


Chajiler  XIX 

TEST  SOLUTIONS  AND  REAGENTS 

Acetic  Acid  199  per  cent.). — Use  U.  S.  P.  glacial  acetic  acid. 

Acetic  Acid  (50  per  cent.). — iMi.x  51  mils  of  glacial  acetic 
acid  with  enough  distilled  water  to  make  100  mils. 

Acetic  Acid  T.  S. — iMi.x  the  official  36  per  cent,  acetic  acid 
with  twice  its  volume  of  distilled  water. 

Alcohol  (95  per  cent.). — Use  U.  S.  P.  alcohol. 

Ammonium  Ilydroxid  Test  Solution. — Use  the  U.  S.  P.  am¬ 
monia-water  containing  about  10  ]ier  cent.  NH,3. 

Ammonium  Molybdate  Test  Solution. — Mix  6.5  grams  of 
i:)owdered  molybdic  acid  with  14  mils  of  distilled  water  and 
14.5  mils  of  stronger  ammonia- water  to  effect  solution.  Cool 
and  slowly  add  the  solution,  in  small  portions  with  agitation, 
to  a  well  cooled  mixture  of  32  mils  of  nitric  acid  and  40  mils 
of  distilled  water.  Allow'  the  solution  to  stand  for  twenty- 
four  hours  and  then  filter  through  asbestos. 

Preserve  the  solution  in  the  dark,  and,  if  a  sediment  should 
form  in  it  after  some  days,  carefully  decant  the  clear  solution. 
This  solution  should  be  tested  at  fre(|uent  intervals.  .Add  2 
mils  of  sodium  phosjihate  test  solution  to  5  mils  of  the  re¬ 
agent;  an  abundant  yellow  jirecipitate  forms  either  at  once 
or  upon  standing  or  slight  warming.  If  only  a  slight  precip¬ 
itate  or  yellow  opalescence  results,  the  reagent  must  be  re- 
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jected.  When  employed  as  a  reagent,  ammonium  molybdate 
test  solution  is  always  used  in  large  excess  with  the  solution 
being  tested,  the  latter  having  been  previously  acidihed  with 
nitric  acid. 

Ammonium  Oxalak  Test  Solution.— Dhsolxe  5  grams  of 
ammonium  oxalate  in  sufficient  water  to  make  100  mils. 

4 

Ammonium  Sulphate  Test  Solution. — Dissolve  10  grams  of 
ammonium  sulphate  in  sufficient  distilled  water  to  make  100 
mils. 

Ammonium  Sulphocyanate  Volumetric  Solution. — One  mil 
precipitates  1  mil  of  the  silver  nitrate  volumetric  solution 
used  in  the  determination  of  chlorids.  Dissolve  13  grams  of 
the  salt  in  800  mils  of  distilled  water  and  titrate  this  solution 
against  the  silver  nitrate  solution;  10  mils  of  the  silver  nitrate 
solution  are  placed  in  a  6-inch  evaporating  dish  and  50  mils 
of  distilled  water  are  added.  The  mixture  is  acidified  with 
nitric  acid  and  2  mils  of  ferric  alum  test  solution  is  added. 
The  ammonium  sulphocyanate  solution  is  then  run  from  a 
buret  until  a  permanent  red  color  is  obtained.  If  the  solution 
be  correctly  prepared,  exactly  10  mils,  would  be  required.  If 
less  than  this  amount  is  required  the  solution  was  too  strong 
and  should  be  diluted  with  distilled  water;  if  more  than  10 
mils  were  required  the  solution  was  too  weak  and  requires 
more  ammonium  sulphocyanate.  The  exact  amount  may  be 
calculated  mathematically,  and  after  readjustment  the  solu¬ 
tion  must  be  retitrated  until  its  strength  is  such  that  exactly 
10  mils  precipitate  all  of  the  silver  from  10  mils  of  the  stand¬ 
ard  silver  nitrate  solution. 
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BaiVs  Orcinol  Test  Solution. — Dissolve  1  gram  of  orcinol 
in  500  mils  of  30  per  cent,  hydrochloric  acid  and  add  25  drops 
of  10  per  cent,  ferric  chlorid  solution. 

Barium  Chlorid  Test  Solution. — Dissolve  10  grams  of  ba¬ 
rium  chlorid  in  sufficient  distilled  water  to  make  100  mils. 

Benedict's  Qualitative  Sugar  Solution. — Dissolve  17.3  grams 
of  pure  copper  sulphate  in  100  mils  of  distilled  water.  Dis¬ 
solve  100  grams  of  anhydrous  sodium  carbonate  and  173 
grams  of  sodium  or  potassium  citrate  in  700  mils  of  distilled 
water  with  the  aid  of  heat  in  a  2000-mil  flask.  Pour  the 
copper  sulphate  solution  into  the  solution  of  carbonate  and 
citrate  slowly  at  first,  with  constant  stirring  or  agitation. 
The  mixture  is  then  cooled  and  diluted  to  exactly  1000  mils. 
This  solution  keeps  indefinitely. 

Benedict's  Quantitative  Sugar  Solution. — Dissolve  18  grams 
of  pure  copper  sulphate  in  100  mils  of  distilled  water.  Dis¬ 
solve  100  grams  of  anhydrous  sodium  carbonate,  200  grams  of 
sodium  or  potassium  citrate,  and  125  grams  of  potassium  sul- 
phocyanid  in  enough  water  to  make  800  mils  and  filter  the 
mixture  if  necessary.  Pour  the  cojiper  sulphate  into  the  800- 
mil  solution  with  constant  stirring,  add  5  mils  of  a  5  per  cent, 
solution  of  potassium  ferrocyanid,  allow  to  cool,  and  dilute 
to  exactly  1000  mils.  Twenty-five  mils  of  this  solution  are 
reduced  by  50  milligrams  (0.050  gm.)  of  glucose. 

Benzidin  Test  Solution. — This  is  a  saturated  solution  of 
benzidin  in  05  per  cent,  alcohol. 

Boric  Acid. — Use  the  yiowderecl  Lb  S.  P.  boric  acid. 

Calcium  Chlorid  Test  -  Dissolve  10  grams  of  cal- 


176  MANUAL  OF  URINE  ANALYSIS 

cium  chloric!  in  sufficient  distilled  water  to  make  100 
mils. 

Calcium  Ilydroxid  Test  Solution. — Make  a  saturated 
aqueous  solution  of  calcium  hydroxid. 

Calcium  Hypochlorite  Test  Solution. — Alake  a  saturated 
aqueous  suspension  of  calcium  hypochlorite,  decanting  the 
clear  supernatant  liquid.  Make  fresh  when  needed. 

Chloroform. — Use  the  U.  S.  P.  chloroform. 

Copper  Sulphate. — Use  chemically  pure  salt  (CuSOi.  5H2O). 

Copper  Sulphate  Test  Solution. — Dissolve  10  grams  of  pure 
copper  sulphate  in  sufficient  distilled  water  to  make  100  mils 
of  solution. 

Copper  Sulphate  20  per  cent.  Solution. — Dissolve  20  grams 
of  pure  copper  sulphate  in  sufficient  distilled  water  to  measure 
100  mils. 

Esbach's  Reagent. — Dissolve  1  gram  of  {picric  acid  and  1 
gram  of  citric  acid  in  sufficient  distilled  water  to  make  100 
mils.  Gentle  heat  is  sometimes  necessary  to  effect  solution. 

Fehling's  Alkaline  Tartrate  Test  Solution. — Dissolve  173 
grams  of  sodium  and  potassium  tartrate,  and  50  grams  of 
sodium  hydroxid  in  sufficient  distilled  water  to  make  500 
mils.  When  5  mils  of  Fehling’s  copper  solution  is  mixed 
with  5  mils  of  the  alkaline  tartrate  solution,  the  10  mils  of 
mixed  Fehling’s  solution  is  reduced  by  0.050  gram  of 
glucose. 

Fehling's  Copper  Sulphate  Test  Solution. — Dissolve  34.66 
grams  of  pure  copper  sulphate  in  sufficient  distilled  water  to 
make  500  mils. 
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Ferric  Ammonium  Sulphate  Test  Solution. — Use  a  cold 
saturated  solution  of  the  ferric  ammonium  sulphate. 

Folin-MeEllroy  Te.'^t  Solution  for  Sugar. — Dissolve  100 
"rams  of  sodium  pyrophosphate,  SO  grams  of  disodium  phos- 
jdiate,  and  50  grams  of  anhydrous  sotlium  carbonate  in  suffi¬ 
cient  tlistilled  water  to  make  1000  mils  with  the  aid  of  a 
little  heat.  Dissolve  separately  13  grams  of  copper  sul¬ 
phate  in  200  mils  of  distilled  water.  Pour  the  copper 
sulphate  solution  into  the  phosphate-carbonate  solution  and 
shake. 

Folin's  Phosphotungstic  Acid  Test  Solution.— To  750  mils 
of  distilled  water  in  a  1000-mil  flask  add  100  grams  of  so¬ 
dium  tungstate  and  80  mils  of  85  per  cent,  phosphoric  acid. 
Partly  close  the  mouth  of  the  flask  with  a  funnel  and  a  small 
watch-glass  and  boil  gently  for  two  hours.  Then  dilute  to 
loot)  mils. 

Formaldehyd. — Use  the  commercial  40  per  cent,  solution 
of  formaldehyd  or  formalin. 

Guaiac  Test  Solution. — Use  a  freshly  prepared  10  per  cent, 
alcoholic  solution  of  guaiac. 

Haines'  Test  Solution  for  Glucose. — Dissolve  2  grams  of 
pure  coi)])er  sulphate  in  10  mils  of  distilled  water,  add  10 
mils  of  glycerin,  mix  thort)Ughly,  and  add  150  mils  of  lic|uor 
potassa',  U.  S.  P. 

II ydrochloric  .\cid  25  per  cent.  Dilute  the  U.  S.  P.  acid 
with  1  part  of  distilled  water  to  5  |)arts  of  acid. 

Hydrogen  Sulphid  Test  NeZ/d/e//. —Saturate  500  mils  of 
distilled  water  with  hydrogen  sulphid  gas  that  has  been  pre- 
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vdously  washed  by  passing  it  through  water.  This  solution 
decomposes  rapidly.  It  should  be  made  as  needed. 

Lead  Acetate  Test  Solution. — Dissolve  10  grams  of  pure  lead 
acetate  in  sufficient  distilled  water  to  make  100  mils.  If  the 
solution  is  turbid  add  a  few  drops  of  acetic  acid  to  clarify  it. 

Magnesia  Mixture. — Dissolve  5.5  grams  of  magnesium  chlo- 
rid  and  7  grams  of  ammonium  chlorid  in  65  mils  of  distilled 
water,  add  35  mils  of  ammonia  water,  and  allow  the  mixture 
to  stand  a  few  days  in  a  well-stoppered  container.  If  not 
perfectly  clear,  filter  the  solution  before  using. 

Milton's  Reagent. — Dissolve  10  grams  of  metallic  mercury 
in  10  grams  of  concentrated  nitric  acid,  then  dilute  the  cool 
solution  with  2  volumes  of  water. 

Nakayama's  Test  Solution. — Dissolve  4  grams  of  chem¬ 
ically  pure  ferric  chlorid  in  90  mils  of  95  per  cent,  alcohol, 
add  1  mil  of  fuming  hydrochloric  acid,  and  finally  add  enough 
95  per  cent,  alcohol  to  make  100  mils. 

Nessler's  Test  Solution.— DissoWe  7.5  grams  of  potassium 
iodid  in  50  mils  of  warm  distilled  water  and  add  10  grams 
of  mercuric  chlorid.  .A.dd  about  40  mils  of  distilled  water, 
filter,  and  dilute  to  100  mils.  This  is  a  stock  solution.  The 
Nessler’s  solution  to  be  used  is  prepared  by  mixing  30  mils 
of  this  stock  solution  with  20  mils  of  a  10  per  cent,  solution 
of  sodium  hvdroxid  and  50  mils  of  distilled  water. 

Neutral  Ferric  Chlorid  Test  Solution.  Add  ammonia- 
water  to  a  5  per  cent,  solution  of  ferric  chlorid  until  a  precip¬ 
itate  of  ferric  hydroxid  appears;  filter  and  use  the  clear  so¬ 
lution. 
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Xitric  Acid  Reagent. — Use  the  U.  S.  P.  concentrated  acid. 

Nitric  Acid  Test  Solution. — Dilute  the  U.  S.  P.  acid  with  an 
ccjual  volume  of  water.  The  test  solution  contains  about  33 
per  cent  nitric  acid. 

Nylander’s  Test  Solution. — Dissolve  4  grams  of  sodium  and 
potassium  tartrate  in  a  10  per  cent,  solution  of  sodium  hy- 
droxid.  The  solution  is  then  warmed  and  2  grams  of  bismuth 
subnitrate  are  added.  The  solution  should  be  kept  in  a  dark 
place. 

Obermexer's  Test  Solution. — Dissolve  2  grams  of  ferric 
chlorid  in  1000  mils  of  concentrated  hydrochloric  acid. 

Phenol phthalein  Test  Solution. — Use  a  saturated  alcoholic 
solution  of  phenolphthalein. 

Phenylhydrazin  Ilydrochlorid  Test  Solution. — Dissolve  5 
grams  of  phenylhydrazin  hydrochlorid  and  15  grams  of  so¬ 
dium  acetate  in  50  mils  of  distilled  water.  Heat  if  necessary. 

Picric  Acid  Test  Solution. — Dissolve  1  gram  of  picric  acid 
in  sufficient  distilled  water  to  make  100  mils. 

Platinum  Chlorid  Test  Solution. — Dissolve  5  grams  of  plat¬ 
inum  chlorid  m  sufficient  distilled  water  to  make  100  mils. 

Potassium  Acid  Sulphate. — Use  a  chemically  pure  salt, 
KHSO4. 

Potassium  Carbonate. — Use  the  C.  S.  P.  carbonate,  K2CO3. 

Potassium  Chlorate.—Cse:  the  V.  S.  P.  salt,  KCIO3. 

Potassium  Chlorid  Test  Solution. — Dissolve  5  grams  of  po¬ 
tassium  chlorid  in  sufficient  distilled  water  to  make  100  mils. 

Potassium  Cobaltic  Nitrite  Test  -  Dissolve  4 

grams  of  cobaltous  chlorid  and  10  grams  of  potassium  nitrite 
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in  about  50  mils  of  distilled  water,  add  2  mils  of  acetic  acid, 
and  dilute  with  sufficient  distilled  water  to  measure  100  mils. 
A  few  drops  of  acetic  acid  should  be  added  from  time  to  time. 
The  reagent  must  not  be  kept  longer  than  three  months. 
Should  any  precipitate  form  on  standing,  filter. 

Potassium  Dichromatc  Test  Solution. — Dissolve  10  grams 
of  potassium  dichromate  in  sufficient  distilled  water  to  make 
100  mils. 

Potassium  Fcrrocyanid  Test  Solution. — Dissolve  5  grams 
of  potassium  ferrocyanid  in  sufficient  distilled  water  to  make 
ItX)  mils. 

Potassium  Ilydro.xid  Test  Solution. — Dissolve  10  grams  of 
chemically  pure  potassium  hydroxid  in  sufficient  distilled 
water  to  make  100  mils. 

Potassium  lodid  Test  Solution. — Dissolve  6  grams  of  potas¬ 
sium  iodid  in  sufficient  distilled  water  to  make  100  mils. 

Potassium  Oxalate  Neutral. — Use  C.  P.  K2C2O4. 

Potassium  Oxalate  Test  Solution. — Use  a  saturated  aqueous 
solution  of  potassium  oxalate. 

Ruliemauii's  lodiii  Solution. — Dissoh’e  0.5  gram  of  iodin 
and  1.25  grams  of  potassium  iodid  in  7.5  mils  of  absolute  al¬ 
cohol,  add  5  mils  of  glycerin,  and  sufiicient  distilled  water  to 
make  100  mils. 

Selivaiiqff's  Test  Dissolve  0.05  gram  of  resorcin 

in  100  mils  of  hydrochloric  acid  lest  solution. 

Silver  Nitrate  Test  Solution  for  Cldorids. — Dissolve  50 
grams  of  silver  nitrate  in  sufficient  distilled  water  to  measure 
240  mils. 
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Silver  Xitrcilc  Volunictric  Solution. — One  mil  is  equivalent 
to  0.010  ffin.  of  NaC'l.  l)issi)l\c  7.28  jrrams  of  pure  silver 
nitrate  in  water  and  dilute  to  a  volume  of  250  mils.  The  am¬ 
monium  sulphocyanate  is  to  be  standardized  against  this 
solution. 

Sodium  Acetate  Test  Solution. — Dissolve  10  grams  of  so¬ 
dium  acetate  in  suriicient  distilled  water  to  make  100  mils. 

Sodium  Acid  Phosphate  Test  Solution. — Dissolve  10  grams 
of  sodium  acid  phosphate  in  suflicient  distilled  water  to  meas¬ 
ure  100  mils. 

Sodium-Cobaltic  Nitrite  Test  Solution. — Dissolve  4  grams 
of  cobaltous  chlorid  and  10  grams  of  sodium  nitrite  in  about 
50  mils  of  distilled  water,  add  2  mils  of  acetic  acid,  and  dilute 
with  sulTicient  distilled  water  to  measure  100  mils.  A  few 
drops  of  acetic  acid  should  be  added  to  the  solution  from  time 
to  time.  The  reagent  should  be  made  fresh  every  three 
months.  Filter  any  jirecipitate  that  forms  on  standing. 

Sodium  Hydro.xid  Test  Solution. — Dissohe  5  grams  of 
chemically  pure  sodium  hydro.xid  in  sullicient  distilled  water 
to  measure  100  mils. 

Sodium  Hydro.xid  Test  Solution,  Dissolve  55 

grams  of  U.  S.  P.  sodium  hydroxid  in  sulTicient  distilled  water 
to  measure  100  mils. 

Sodium  Ilypobromitc  Test  Solution  for  Urea. — Dissolve  100 
grams  of  sodium  hydroxid  in  250  mils  of  distilled  water  and 
add  25  mils  of  bromin.  'The  solution  is  not  stable,  therefore 
do  not  add  the  bromin  until  solution  is  wanted.  To  each 
ureometer  full  of  alkaline  solution  add  1  mil  of  bromin. 
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Sodium  Nitroprussid  Test  Solution. — Dissolve  1  part  of 
sodium  nitroprussid  in  19  parts  of  distilled  water  immediately 
before  using. 

Sodium  Phosphate  Test  Solution. — Dissolve  10  grams  of 
disodium  phosphate  in  sufficient  distilled  water  to  measure 
100  mils. 

Sulphosalicylic  Acid  Test  Solution. — Prepare  a  20  per  cent, 
acjueous  solution  of  sulphosalicylic  acid. 

Sulphur,  Sublimed  (Flowers  of  Sulphur). — Use  U.  S.  P. 
sublimed  sulphur. 

Sulphuric  Acid  (50  per  cent.). — Dilute  the  U.  S.  P.  acid, 
adding  the  acid  to  the  water. 

Sulphuric  Acid  Test  Solution. — Use  the  U.  S.  P.  diluted  sul¬ 
phuric  acid  containing  about  10  per  cent,  sulphuric  acid. 

Tenth-normal  Oxalic  Acid  Volumetric  Solution. — Dissolve 
3.1512  grams  of  chemically  pure  oxalic  acid  in  sufficient  dis¬ 
tilled  water  to  measure  500  mils.  The  salt  must  be  accurately 
weighed. 

Tenth-normal  Potassium  llydroxid  Volumetric  Solution. — 
Dissolve  3.75  grams  of  chemically  pure  potassium  hydroxid 
in  sufficient  distilled  water  to  measure  500  mils.  Standardize 
this  against  N/10  o.xalic  acid,  using  phenolphthalein  test 
solution  as  an  indicator.  This  solution  will  be  too  strong, 
and  it  should  be  diluted  as  follows:  let  V  =  the  number  of  mils 
of  the  KOH  solution  required  to  neutralize  the  oxalic  acid 
solution.  Calculate  the  necessary  dilution  of  the  KOH  solu¬ 
tion  by  the  proportion  V  :  10  =  volume  in  the  cylinder  :  X,  in 
which  a;  =  the  total  volume  after  dilution.  Bring  the  volume 
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in  the  cylinder  to  within  10  mils  of  the  calculated  volume, 
and  repeat  the  whole  process  again  and  again  until  10  mils 
of  the  KOH  solution  exactly  neutralize  10  mils  of  the  N/IO 
oxalic  acid.  The  KOH  solution  is  then  tenth-normal. 

Tenth-normal  Sulphuric  Acid  Volumetric  Solution. — Dilute 
2  mils  of  concentrated  sulphuric  acid  to  500  mils  with  dis¬ 
tilled  water  and  standardize  with  tenth-normal  potassium 
hydroxid,  using  phenolphthalein  test  solution  as  an  indicator; 
10  mils  of  this  solution  must  exactly  neutralize  10  mils  of 
tenth-normal  potassium  hydroxid  solution. 

Thymol  Crystals. — Use  the  U.  S.  P.  thymol. 

Tsuchiya's  Test  Solution  for  Albumin. — Dissolve  1.5  grams 
of  phosphotungstic  acid  in  95  mils  of  95  per  cent,  alcohol 
and  add  5  mils  of  concentrated  hydrochloric  acid.  Shake 
well.  Solution  keeps  indefinitely. 

Urannmi  Acetate  Test  Solution. — Dissolve  5  grams  of 
uranium  acetate  in  sufficient  distilled  water  to  measure  100 
mils. 

Uranium  Nitrate  Volumetric  Solution. — One  mil  corres¬ 
ponds  to  5  mgms.  of  phosphoric  anhydrid.  Dissolve  35.5 
grams  of  uranium  nitrate  in  sufficient  distilled  water  to 
measure  1000  mils. 

Urease,  Preparation  of,  from  Soy  Bean. — Wash  about  3 
grams  of  permutit  in  a  flask  once  with  2  per  cent,  acetic  acid, 
then  twice  with  water;  add  5  grams  of  fine  Jack  bean  meal 
and  100  mils  of  15  per  cent,  alcohol.  Shake  gently  but 
continuously  for  ten  to  fifteen  minutes,  pour  on  a  large  filter, 
and  cover  with  a  watch-glass,  fl'he  filtrate  contains  practi- 
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cally  the  whole  of  the  urease  and  a  small  amount  of  other  sub¬ 
stances.  This  solution  will  keep  for  about  a  week  at  room 
temperature  and  about  four  to  six  weeks  in  an  ice-box. 


ATOMIC  WEIGHTS  OF  ELEMENTS  IN  COMMON  USE 

(Revised  to  1922) 

O.  =  16.00 


Name  and  Symbol. 

Atomic 

Weight. 

Name  and  Sj-mbol. 

.•\tomic 

Weight. 

Aluminum,  .\1 . 

27.00 

Manganese,  Mn . 

54  93 

120.20 

Mercury,  Hg . 

200  60 

74.96 

Molybdenum,  Mo . 

96  00 

137.37 

Nickel,  Ni . 

58.68 

209.00 

Nitrogen,  N . 

14  008 

10  90 

Osmium,  Os . 

190  90 

79.92 

Oxygen,  O . 

16  00 

112  40 

Palladium,  Pd . 

106.70 

40  07 

Phosphorus,  P . 

31  04 

12.005 

Platinum,  Pt . 

195  20 

35  46 

Potassium,  K . 

39  10 

Cliromium,  Cr . 

52  00 

Radium,  Ra . 

226  00 

58.97 

Selenium,  Se . 

79.20 

63.57 

Silicon,  Si . 

28 . 10 

19  00 

Silver,  Ag . 

107.88 

9  10 

Sodium,  Na . 

23  00 

197.20 

Strontium,  Sr . 

87  63 

1  008 

Sulphur,  S . 

32  06 

126  92 

Tantalum,  Ta . 

181  50 

193  10 

Tellurium,  Te . 

127  50 

55 . 84 

Tin,  Sn . 

118  70 

139  00 

Titanium,  Ti . 

48  10 

T  onJ  P!t 

207  20 

Tungsten,  W . 

184  00 

6  94 

Uranium,  U . 

238  20 

24.32 

Zinc,  Zn . 

65 . 37 
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Abnormal  blood,  1a<) 
constituents,  74,  75 
Accidental  albuminuria,  87 
Acetic  acid  for  precipitation  of 
mucin,  95 
test  solution,  173 

Acelo-acetic  acid,  104.  See  also 
Diacctic  acid. 

.\cetone,  101,  102 
bodies,  101 
origin  of,  101 
characteristics  of,  102 
detection  of,  Rothera’s  test  for, 
103,  168 

Gunning’s  iodoform  test  for,  166 
moditication  of  iodoform  test 
for,  103 

iodoform  test  for.  Gunning’s 
modification  of,  103 
Legal’s  test  for,  104,  165 
nitroprussid  test  for,  104 
Kothera’s  test  for,  103,  168 
tests  for,  102 

jireparation  of  sample,  102 
Van  Slyke-bitz  method  for  de¬ 
termination  of,  107 
Acetyl  acetic  acid,  104 
Acid,  acetic,  for  precipitation  of 
mucin,  95 
test  Solution,  173 
aceto-acetic,  104 
acetyl  acetic,  104 
beta-hydro.\ybutyric,  \'an  Slykc- 
I-'itz  method  for  determination 
of,  107 


.\cid.  beta-oxybutyric,  101,  106 
Black’s  method  for  detection 
of,  106 

1  larmstaedter’s  method  for  de¬ 
termination  of,  106 
test  for,  1  70 

boric,  as  preservative,  25 
solution,  175 
diacetic,  101,  104 
confirmative  test  for,  105 
detection  of,  169 
in  traces,  170 

Folin’s  C|ualitative  lest  for,  105 
Gerhardt’s  test  tor,  104 
\’an  Slyke-Fitz  method  for  de¬ 
termination  of,  107 
glycocholic,  112 
glyconuric,  86 
hippuric,  56 

in  urinary  sediments,  151 
homogentisic  113 
detection  of,  114 
hydrochloric,  25  per  cent,  test 
solution,  177 
lilliic,  48 

nitric,  contact  test,  foralbumin,8Q 
reagent,  179 
test  solution,  179 
o.\<alic,  59 

tenth-normal  volumetric  so¬ 
lution,  182 
phenylacelic,  113 
phospliotungstic,  test  for  uric 
acid,  50 

solution,  Folin’s,  177 


INDEX 


1 86 

Acid,  picric,  test  solution,  179 
potassium  sulphate,  179 
reaction  of  urine,  35 
sulphosalicylic,  test  for  albumin, 
90 

solution,  182 

sulphuric  (50  per  cent.),  for 
tests,  182 

volumetric  solution,  tenth- 
normal,  182 
taurocholic,  112 
uric,  48 

determination  of,  Ruhemann’s 
method,  159 

in  urinary  sediments,  145 
Acidity  of  urine,  accurate  deter¬ 
mination  of,  36 
total,  determination  of,  171 
Acidosis,  degree  of,  acetone  bodies 
in  determination  of,  102 
Acids,  bile,  110,  112 

detection  of.  Hay’s  test  for, 
112,  168 
Adenin,  54 

Aeration  method  for  determination 
of  ammonia,  61,  171 
Albumin,  87 
detection  of,  88 

heat  test  for,  88,  166 
Heller’s  test  for,  89,  166 
I)otassium  ferrocyanid  test  for, 
91 

sulphosalicyclic  acid  test  for, 
90 

tests  for,  88 

nitric  acid  contact  test  for,  89 
quantitative  estimation  of,  91 
Esbach’s  method,  91,  162 
technic,  93 

Purdy’s  centrifugal  method, 
93 

Tsuchiya’s  method,  93 


.•\lbuminometer,  Esbach’s,  92 
Albuminoscope,  90 
.\lbuminuria,  87 
‘accidental,  87 
renal,  87 
Albumose,  96 
detection  of,  96 

potassium  ferrocyanid  test  for,  91 
sulphosalicylic  acid  test  for,  91 
Alcohol  for  test,  173 
Alkaline  earth  phosphates,  67 
phosphates,  67 
comparative  test  for,  162 
reaction  of  urine,  35 
tartrate  test  solution,  Fehling’s, 
176 

Alkapton,  113 
.\lloxan,  50 
•Mlo.xanthin,  50 
Ammonia,  60 

aeration  method  for  determina¬ 
tion  of,  61,  171 

Folin’s  microchemic  method  for 
determination  of,  62 
volumetric  determination  of,  61, 
166 

Ammonium  hydroxid  test  solution, 
173 

magnesium  phosphate  in  urinary 
sediments,  144 
molj-bdate  test  solution,  173 
o.xalate  test  solution,  174 
purpurate,  50 
sulfihate  test  solution,  174 
sulphocyanate  volumetric  so¬ 
lution,  174 

thiocyanate  solution,  standard, 
preparation  of,  64 
urate  crystals,  146 
.\morphous  urates  with  uric-acid 
crystals,  145 

.\mphotcric  reaction  of  urine,  35 
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Analysis  of  urine,  report  form,  23 
Anuria,  30 
obstructive,  30 

Arlco-urcase  method  for  estimation 
of  urea,  47 

Aromatic  substances,  27 
Arsenic,  Rcinsch’s  test  for  detec¬ 
tion,  122 

Ascending  limb  of  llcnle’s  loop,  10 
Atomic  weights  of  elements  in 
common  use,  184 

Bacteria  in  urinary  sediments,  142 
Bacteriologic  examination,  142 
Bail’s  orcinol  test  for  detection  of 
pentoses,  86 
solution,  175 

Barium  chlorid  test  solution,  175 
Bases,  xanthin,  54 
Bence-Jones  protein,  06 
detection  of,  06 
potassium  ferrocyanid  test  for, 
01 

sulphosalicylic  acid  test  for,  01 
Benedict’s  qualitati\e  sugar  solu¬ 
tion,  175 

test  for  glucose,  77 
quantitative  determination  of 
glucose,  81 
sugar  solution,  1 75 
test  for  glucose,  \(A 
‘Benzidin  reaction  for  blood,  115 
test  solution,  175 

Beta-hydroxybutyric  acid.  Van 
Slyke-Fitz  method  for  determina¬ 
tion  of,  107 

Beta-oxybutyric  acid,  101,  106 

Black’s  method  for  detection 
of,  106 

Darmstaedter’s  method  for  de- 
tertnination  of,  106 
test  for,  170 


Bile,  no 
acids,  no,  112 

detection  of,  Hay’s  test  for, 
112,  168 

detection  of,  Gmclin’s  test,  167 
modification  of,  167 
Gmelin’s  test  for,  modification  of, 
111,  167 

Hammerstein’s  test  for.  111 
iodin  test  for.  111,  163 
Obermeyer’s  indican  test,  modi¬ 
fied  for,  1 1 2 
pigments,  110 

special  qualitative  tests  for,  111 
Bilirubin,  1 10 
crystals,  151 

in  urinary  sediments,  152 
Biliverdin,  110 

Black’s  method  for  detection  of 
beta-oxybutyric  acid,  106 
Bladder,  neck  of,  inflammation  of, 
139 

Blood,  abnormal,  139 
benzidin  reaction  for,  115 
casts,  130,  131 
guaiac  test  for,  115 
normal,  139 
pigments,  110,  114 
urea  in,  41 

Blood-cor[niscles  in  urinary  sedi¬ 
ments,  139 

Boric  acid  as  preservative,  25 
solution,  175 

Bottinger’s  test  for  glucose,  78 
Brick -dust  sediment,  145 
Bright’s  disease,  87 

Calcium  chlorid  test  solution,  175 
hydroxid  test  solution,  176 
hy])ochl()rite  test  solution,  176 
oxalate  crystals,  147 
in  urinary  sediments,  147 
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Calcium  phosphate  in  urinary  sedi¬ 
ments,  148 
Calculi,  urinary,  116 
compound,  116 

constituents  of,  separation  and 
identification  of,  118 
method  of  analysis,  116 
preliminary  examination  for, 
116 

simple,  116 
Cane-sugar,  85 
Carhamid,  40 

hyjiobromite  method  for  approxi¬ 
mate  estimation  of,  157 
Carboh_vdrates,  74 
Carbonates,  73 
Carcinoma  of  liver,  152 
Casts,  129 
blood,  130,  131 
epithelial,  130,  131 
false,  133 
fatty,  130,  132 
granular,  130,  131 
with  fat  adherent,  132 
hyaline,  130,  131 

with  fat  adherent,  132 
in  urinary  sediment,  129 
shape  of,  130 
where  formed,  129 
pus,  133 
waxy,  130,  132 

Caudate  epithelial  cells  in  urinary 
sediments,  138 

Cells,  epithelial,  in  urinary  sedi¬ 
ments,  135 

Centrifugal  method  for  estimation 
of  chlorids,  161 
Purdy’s  method,  65 
of  ]>hosphatcs,  162 
Purdy’s,  69 

for  ciuantitative  estimation  of 
sulphates,  163 


Centrifugal  method  of  Purdy  for 
estimation  of  sulphates,  73 
for  quantitative  estimation 
of  albumin,  93 

table,  Purdy’s,  for  phosphates,  69 
for  sulphates,  72 
Centrifuge,  enclosed,  127 
hand,  127 
Purdy,  126 
tubes,  125 
water-power,  126 

Chemical  characteristics,  40,  74, 
157 

examination,  laboratory  direc¬ 
tions  for,  156 
Chlorids,  63 

centrifugal  method  for  estima¬ 
tion  of,  161 

comparative  test  for,  64,  161 
estimation  of,  Purdy’s  centrifugal 
method,  65 

quantitative  estimation  of,  161 
volumetric  estimation  of,  64 
technic,  65 

Chloroform  as  preservative,  25 
test  solution,  176 
Cholesterin,  97 
Chromogens,  59 
Chyluria,  33,  97 
Coeflicient,  Ilaeser’s,  38 
Long’s,  39 

Collection  of  sample,  24 
method  of,  24 
Color  of  urine,  31 
Colorimeter,  153 
Duboscq,  153,  154 
directions  for  using,  155 
parts  of,  153 
llellige,  153 
Coloring  matters,  1 10 
Comparative  test  for  alkaline  phos¬ 
phates,  68,  162 
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Comparative  lest  for  chlorids,  (4, 
161 

for  eartliy  pliosphates,  162 
for  phosphates,  alkaline  earth, 
67 

for  sulphates,  70,  163 
for  uric  acid,  51 
for  urobilin,  60 

Confirmative  test  for  diacetic  acid, 
105 

Congestion  of  kidney,  chronic,  126 
Constituents  of  urine,  abnormal,  74 
normal,  27 

Contact  test,  nitric  acid,  for  albu¬ 
min,  89 

Copper  sulphate  20  per  cent,  solu¬ 
tion,  176 
test  solution,  176 
Fehling's,  176 

Corpuscles,  blood-,  in  urinary  seili- 
ments,  139 

malpighian,  office  of,  in  produc¬ 
tion  of  urine,  17 
Creatin,  55 
Creatinin,  55 

JafTe’s  method  for  detection  of, 

55 

Crystals,  ammonium  urate,  146 
bilirubin,  151 
calcium  oxalate,  147 
cystin,  149 
hematoidin,  151 
leucin,  150 

of  j)henyl-!ilucosazone,  80 
thorn  ap[)le,  147 
thymol,  for  tests,  183 
tri[)le-i)hosphatc,  1-44 
ty  rosin,  150 
uric-acid,  49 

witli  amorphous  urates,  115 
Cylindroids  in  urinary  sediments, 
133 


Cystin,  145 
crystals,  149 

in  urinarj-  sediments,  148,  149 
detection  of,  149 
Cj'slitis,  138 
chronic,  145 

Daily  excretion  of  urine,  29 
Darmstaefltcr’s  metliod  for  de¬ 
termination  of  beta-oxybutyric 
acid,  106 

Debris,  tissue,  in  urinary  sediments, 
142 

Descending  limb  of  llenle’s  loop,  19 
1  tiabetes  mellitus,  74 
Diacetic  acid,  101,  104 

confirmative  test  for,  105 
detection  of,  169 
in  traces,  170 

Eolin’s  qualitative  test  for,  105 
Cerhardt’s  lest  for,  104 
\'an  Slyke-Eilz  method  for  de¬ 
termination  of,  107 
Diathesis,  uric  acid,  50 
Digestion  flasks,  Kjeldahl,  57 
sh.elf  used  in  nitrogen  determina¬ 
tions,  58 

Dimclliyl  ketone.  See  Acclonc. 
Di-oxy-i)uiin,  55 

Directions  for  laboratory  chemical 
examination,  156 

Disease,  diagnosis  of,  analj-sis  of 
urine  in,  22 
I lislal  tulnfle,  19 

1  lislillat  ion  apparal  us  used  in  nitro¬ 
gen  determinations,  58 
Doremus  ureonieter  aiul  pipet,  44 
I  linds’  modifical  ion  of,  45 
jjrecautions  in  use  of,  46 
Duboscf|  colorimeter,  153,  154 
directions  for  using,  155 
parts  of,  153 
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Earthy  phosphates,  comparative 
test  for,  162 

Einhorn’s  saccharimeters,  8.i 
Elements  in  common  use,  atomic 
weights  of,  184 
Enclosed  centrifuge,  127 
Epiguanin,  54 
Episarkin,  54 
Epithelial  casts,  130,  131 
cells  in  urinary  sediments,  135 
nuclei  of,  in  urinary  sediment, 
124 

Epithelium,  pelvic,  in  urinary  sedi¬ 
ment,  135 

renal,  in  urinary  sediment,  134 
Erythrocytes  in  urinary  sediments, 
139 

Esbach’s  albuminometer,  92' 

quantitative  estimation  of  al¬ 
bumin,  91,  166 
technic,  93 
reagent,  93,  176 

Examination,  chemical,  condensed 
laboratory  directions  for,  156 
Excretion  of  urine,  17 

amount  in  twenty-four  hours, 
29,  156 

False  casts,  133 
Fat,  97 

Fatty  casts,  130,  132 
substances,  27 

Fehling’s  alkaline  tartrate  test  so¬ 
lution,  176 

copper  sulphate,  test  solution, 
176 

quantitative  determination  of 
glucose,  80 
test  for  glucose,  78 
Ferment;ition  method  for  riuanlita- 
tive  determination  of  glucose, 
82 


Ferric  ammonium  sulphate,  prepa¬ 
ration  of,  for  indicator,  64 
test  solution,  177 
chlorid,  neutral,  test  solution,  178 
phosphate,  105 

Fibrin  in  urinary  sediments,  142 
Filaments,  urethral,  in  urinary  sedi¬ 
ments,  141 

First  convoluted  tubule,  19 
Flasks,  digestion,  Kjeldahl,  57 
Flowers  of  sulphur,,! 82 
Folin-McEllroy’s  test  for  glucose, 
78,  164 

solution  for  sugar,  177 
Folin’s  microchemic  method  for  de¬ 
termination  of  ammonia,  62 
phosphotungstic  acid  test  solu¬ 
tion,  177 

qualitative  test  for  diacetic  acid, 
105 

test  for  indican,  98 
Foreign  substances  due  to  contam¬ 
ination  in  urinary  sediments,  143 
Formaldehyd  as  preservative,  26 
test  solution,  177 
Free  uric  acid,  50 
Fruit  sugar.  See  Lcvulose. 

Gaseous  compounds,  27 
Gerhardt’s  test  for  dia,cetic  acid, 
104 

Glucose,  74 

llenedict’s  qualitative  test  for, 
77 

test  for,  164 
Rottinger’s  test  for,  78 
detection  of,  76 
Fehling’s  test  for,  78 
Folin-'McEllroy’s  test  for,  78,  164 
Haines’  improved  test  for,  79 
Nylandcr’s  test  for,  79,  163 
phenylhyilrazin  test  for,  79 
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Glucose,  quantitative  determina¬ 
tion  of,  80 

Benedict’s  method,  81,  165 
Felilinfj’s  method,  80,  164 
fermentation  method,  82 
Trommer’s  test  for  detection  of, 
76 

Glycocholic  acid,  112 
Glyconuric  acid,  86 
Glycosuria,  75 
physiologic,  75 
Gmelin’s  test  for  bile,  167 

modification  of.  111,  167 
Gonorrhea,  141 

Graduated  centrifuge  tube,  125 
Granular  casts,  150,  151 
with  fat  adherent,  152 
Gravimetric  determination  of  sul¬ 
phates,  71 
of  uric  acid,  55 
Guaiac  test  for  blood,  115 
test  solution,  177 
Guanin,  54 

Gunning’s  iodoform  test  for  ace¬ 
tone,  169 

modification  of,  105 

IIakser’s  crefiicient  in  determina¬ 
tion  of  total  solids,  58 
Haines’  improved  test  for  glucose, 
79 

test  S(4ution  for  glucose,  177 
Hammerstein’s  test  for  bile.  111 
Hand  centrifuge,  127 
Hay’s  lest  for  bile  acids,  112,  168 
Heal  test  for  detection  of  alltumin, 
88,  166 

Heller’s  lest  for  albumin,  89,  166 
Hellige  colorimeter,  155 
Hemaloidin  crystals,  151 
in  urinary  sediments,  152 
Hematuria,  114,  142 


Hemoglobin,  110,  114 
Hemoglobinuria,  114 
Hemorrhage,  renal,  132 
Ilenle,  loop  of,  19 

ascending  limb  of,  19 
descending  limb  of,  19 
Heteroxanthin,  54 
Hinds’  modification  of  Doremus 
ureometer,  45 
precautions  in  use  of,  46 
Hippuric  acid,  56 
detection  of,  56 
in  urinary  sediments,  151 
Homogentisic  acid,  113 
detection  of,  114 
Horismascope,  90 
Hyaline  casts,  150,  131 
with  fat  adherent,  132 
Hydrochloric  acid  25  per  cent,  test 
solution,  177 

Hydrogen  sulphid  test  solution, 
177 

H\q)obromite  method  for  approxi¬ 
mate  estimation  of  urea,  157 
for  quantitative  estimation  of 
urea,  43 
technic,  44 
Hjqioxanthin,  54 

Ixoir.w,  84,  98 
characteristics,  98 
h'olin’s  test  for,  98 
JafTe’s  test  for,  99 
( tbermej'cr’s  test  for,  99,  160 
test,  < ibermeyer’s,  modification 
of,  for  bile,  1 12 
Indigo,  98 
Indol,  98 
Indoxyl,  98 

Inllammation  of  kidney,  129 
Inorganic  constituents  of  normal 
urine,  63 
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Inorganic  or  mineral  sulphates, 
determination  of,  71 
salts,  27 
substances,  73 

lodin  solution,  Ruhemann’s,  180 
test  for  bile.  111,  167 
Iodoform  test  for  acetone.  Gun¬ 
nings’  modification  of,  103,  169 

Jaffe’s  method  for  detection  of 
creatinin,  55 
test  for  indican,  99 
Jar,  sedimentation,  125 
Jaundice,  110,  152 

Ketones,  101 

Kidney,  chronic  congestion  of,  129 
tubule,  20 
waxy,  152 

Kidneys  as  filter,  efficiency  of, 
factors  in,  21 

Kjeldahl  digestion  flasks,  57 

method  for  determination  of 
total  nitrogen,  56 

Laboratory  directions  for  chemi¬ 
cal  examination,  156 
Lactose,  85 

Large  flat  epithelial  cells  in  urinary 
sediments,  136 

Lead  acetate  test  solution,  178 
detection  of,  120 

Lee  and  Vogel’s  method  for  de¬ 
tection  of  mercury,  121 
Legal’s  test  for  acetone,  104,  169 
Leucin  crystals,  150 

in  urinary  sediments,  150 
Leukocytes  in  urinary  sediments, 
138 

Levulose,  84 
detection  of,  84 
Selivanoff’s  test,  84 


Levulose,  determination  of,  85 
Lipuria,  97 
Lithic  acid,  48 
Lithuria,  159 

Litmus  paper  for  determining  re¬ 
action  of  urine,  35 
Liver,  carcinoma  of,  152 
Long’s  cmfficient,  39 
Loop  of  Henle,  19 

Magnesia  mLxture,  178 
Malpighian  corpuscles,  17 

office  of,  in  production  of 
urine,  17 
Malt  sugar,  85 
Maltose,  85 

Marsh-Berzelius  quantitative  es¬ 
timation  of  arsenic,  122 
McEllroy-Folin  test  for  glucose,  78, 
164 

solution  for  sugar,  177 
iMelanin,  113 
Melanotic  sarcoma,  113 
Mercury,  Vogel  and  Lee’s  method 
for  detection  of,  121 
Metallic  poisons,  120 
Microchemic  method  for  deter¬ 
mination  of  ammonia,  E'olin’s, 
62 

Micrococci  urere,  42,  142 
Micro-organisms  in  urinary  sedi¬ 
ments,  142 

Microscopic  constituents  of  urine, 
123 

general  considerations,  123 
examination  of  urinary  sediment, 

123 

preparation  of  sediment, 

124 

technic,  125 
Milk,  115 
Milk-sugar,  85 
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Millon’s  reagent,  178 
Mineral  or  inorganic  sul[ihates,  de¬ 
termination  of,  7 1 
Mucin,  95 

in  urinary  sediments,  133 
jMucus,  115 
Murexid,  5t) 

test  for  uric  acid  and  urates,  50 

Nakaya.ma’s  test  for  bile,  112 
solution,  178 
Nephritis,  acute,  134 
parenchymatous,  87 
chronic,  129,  131 
dilTuse,  132 

Nesslcr's  test  solution,  178 
Neutral  ferric  chlorid  test  solu¬ 
tions,  178 

reaction  of  urine,  35 
Nitric  acid  contact  test  for  albumin, 
89 

reaecnt,  179 
test  solution.  179 

Nitrogen  determinations,  digestion 
shelf  used  in,  58 
distillation  apparatus  used  in, 
58 

total,  50 

Kjeldahl’s  method  for  deter¬ 
mining,  56 

Nitropntssid  test  for  acetone,  104 
Non-nitrogenous  substances,  27 
Normal  blood,  139 
urinary  pigments,  59 
urine,  constituents  of,  27 
inorganic  constituents  of,  6,1 
organic  constituents  of,  40 
Nuclei  of  epithelial  cells  in  urinary 
sediment,  124 

Nylander’s  test  for  glucose,  79, 
163 

solution,  179 

13 


Obekmicykr’s  indican  test,  modi- 
lication  of,  for  Idle,  1 12 
test  for  indican,  99,  160 
solution,  179 
Obstructive  anuria,  30 
( )dor  of  urine,  33 
Oliguria,  31 

Orcinol  test,  Hail’s,  for  detection  of 
pentoses,  86 
solution,  Hail’s,  175 
Organic  constituents  of  normal 
urine,  40 
substances,  27 

Organized  urinary  sediments,  129 
O.xalic  acid,  59 

volumetric  solution,  tenth- 
normal,  182 

I’ai.e  urine,  31 
Paraxanthin,  54 

Parke’s  table  of  urinary  constitu¬ 
ents  eliminated  in  twenty-four 
hours,  28 

Pelvic  epithelium  in  urinary  sedi¬ 
ment,  135 
Pentoses,  86 

detection  of,  using  Hail’s  orcinol 
test,  86 

Phenoljihthalein  test  solulion,  179 
I’henylacetic  ac  id,  113 
Phenylglucosazone,  crystals  of,  80 
I’henylhydrazin  hydrochlorid  test 
solution,  179 
test  for  glucose,  79 
Phosphates,  66 

alkaline,  comjiarative  test  for, 
68,  162 

earth,  comparative  test  for,  67 
centrifugal  method  for,  162 
earthy,  comparatixe  test  for,  162 
Purdy’s  centrifugal  method  for 
estimation  of,  69 
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Phosphates,  Purdy’s  centrifugal 
table  for,  69 

\  olumetric  determination  of,  68 
Phosphaturia,  67 
Phosphorus  poisoning,  151 
Phosphotungstic  acid  test  for  uric 
acid,  50 

solution,  Folin’s,  177 
Physical  characteristics  of  urine, 
29,  156 

Physiologic  glycosuria,  75 
Picric  acid  test  solution,  179 
Pigments,  bile,  110 
blood,  110,  114 
normal,  59 

Plant  spores  in  urinary  sediments, 
140 

Platinum  chlorid  test  solution,  179 
Plugs,  prostatic,  133 
Poisoning,  phosphorus,  150 
Poisons,  metallic,  120 
Pollen  in  urinary  sediments,  140 
Polyuria,  31 

Potassium  acid  sulphate,  179 
carbonate,  179 
chlorate,  179 
chlorid  test  solution,  179 
cobaltic  nitrate  test  solution,  179 
dichromate  test  solution,  180 
ferrocyanid  test  for  albumin,  91 
solution,  180 

hydroxid  test  solution,  180 
volumetric  solution,  tenth¬ 
normal,  182 
indoxyl  sulphate,  98 
iodid  test  solution,  180 
oxalate  neutral,  180 
test  solution,  180 
Preservation  of  sam[)lc,  24,  25 
Preservatives,  25 
Prostate,  enlarged,  145 
Prostatic  i)lugs,  133 


Prostatitis,  139 
Protein,  87 

Bence-Jones,  detection  of,  96 
potassium  ferrocyanid  test  for, 
91 

sulphosalicylic  acid  test  for,  91 
Proteoses,  96 
detection  of,  97 
Proximal  tubule,  19 
Purdy  centrifuge,  126 
Purdy’s  centrifugal  method  for  es¬ 
timation  of  chlorids,  65 
of  phosphates,  69 
of  sulphates,  73 
for  quantitative  estimation 
of  albumin,  93 
table  of  phosphates,  69 
for  sulphates,  72 
Purin,  54 

bases,  endogenous,  54 
exogenous,  54 

xanthin,  and  uric  acid,  relation¬ 
ship  of,  55 
Pus,  115 
casts,  133 

in  urinary  sediment,  124,  138, 
139 

ropy,  138,  139 
Pycnometer,  38 
Pyelitis,  chronic,  145 

Reaction  of  urine,  35 
acid,  35 
alkaline,  35 
amphoteric,  35 
neutral,  35 

technic  for  determining,  35 
Reagents,  173 
Esbach’s,  93,  176 
Millon’s,  178 
nitric  acid.  179 
Tsuchiya’s,  93 
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Rcinscli's  test  for  detection  of 
arsenic,  122 
Renal  albuminuria,  87 
epithelial  cells,  l,i4 
ejiithelium  in  urinary  sediment, 
184 

hemorrhage,  132 
Retention  of  urine,  31 
Ropy  pus,  138,  139 
Rothera’s  test  for  acetone,  101, 
168 

Round  epithelial  cells  in  urinary 
sediments,  136 

Ruhemann’s  approximate  esti¬ 
mation  of  uric  acid,  51 
iodin  solution,  180 
method  for  determination  of 
uric  acid,  159 
uricometer,  52 

Sacciiarimeter,  Kinhorn’s,  83 
Saliva,  115 
Salts,  inorganic,  27 
Sarcoma,  melanotic,  113 
Schachowa,  spiral  tube  of,  19 
Secretion  of  urine,  17 
Sediment,  urinary,  34 

ammonium  magnesium  phos¬ 
phate  in,  144 
bilirubin  in,  152 
blood-corjiuscles  in,  139 
brick  (lust,  145 
calcium  oxalate  in,  147 
phos|)hate  in,  148 
caudate  epithelial  cells  in,  138 
classification  of,  129 
considerable,  35 
cylindroids  in,  133 
cystin  in,  148,  149 
epithelial  cells  in,  135 
erythrocytes  in,  139 
fibrin  in,  142 


Sediment,  urinary,  foreign  sub¬ 
stances  due  to  contamina¬ 
tion  in,  1-13 
hematoidin  in,  152 
hipiHiric  acid  in,  1 51 
large  Hat  epithelial  cells  in,  136 
leucin  in,  150 
leukocytes  in,  138 
micro-organisms  in,  142 
microscopic,  chemical,  141 
examination  of,  technic,  125 
organized,  129 
unorganized,  144 
much,  34 
mucin  in,  133 
pelvic  epithelium  in,  135 
plant  spores  in,  140 
preparation  of,  for  microscopic 
examination,  124 
pus  in,  124,  138,  139 
renal  epithelium  in,  134 
round  epithelial  cells  in,  136 
slight,  34 

spermatozoa  in,  139,  140 
tissue  debris  in,  142 
tyrosin  in,  150 
unorganized,  144 
urates  in,  146 
urethral  filaments  in  141 
uric  acid  in,  145 
very  sliglit,  34 
Sedimentation  jar,  125 
Selivanoff's  test  for  detection  of 
levulose,  84 
solution,  180 

Shelf,  digestion,  for  nitrogen  de¬ 
terminations,  58 

Sil\-er  nitrate  solution,  standard, 
preparation  of,  64 
test  solution  for  chlorids,  180 
X'olumetric  solution,  181 
Skalol,  100 
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Skatoxyl  potassium  sulphate,  100 
Sodium  acetate  test  solution,  181 
acid  phosphate  test  solution,  181 
hydroxid  test  solution,  181 
stronger,  181 

h3^obromite  test  solution  for 
urea,  181 

nitroprussid  test  solution,  182 
phosphate  test  solution,  182 
Sodium-cobaltic  nitrate  test  solu¬ 
tion,  181 
Solids,  total,  38 

calculation  of,  157 
Solution,  ammonium  sulphocyan- 
ate,  volumetric,  174 
silver  nitrate,  volumetric,  181 
tenth-normal  oxalic  acid,  volu¬ 
metric,  182 

potassium  hydroxid  volu¬ 
metric,  182 

sulphuric  acid,  volumetric,  183 
test,  guaiac,  177 

uranium  nitrate,  volumetric,  183 
Solutions,  test,  173 
Soy  bean,  preparation  of  urease 
from,  183 

Specific  gravity  of  urine,  36 

determining  technic,  37,  157 
Specimen,  collection  of,  24 
method,  24 

preservation  of,  24,  25 
Spermatorrhea,  140 
S[)ermatozoa,  140 
in  urinary  sediments,  139,  140 
Spiral  tube  of  Scliachovva,  19 
Spores,  plant,  in  urinary  sediments, 
140 

Sprenglc  tubes,  38 
Standard  ammonium  thiocyanate 
solution,  prejiaration  of,  64 
silver  nitrate  solution,  prepara¬ 
tion  of,  64 


Stones  in  urine,  116.  See  also 
Urinary  calculi. 

Sublimed  sulphur  for  tests,  182 
Sugar,  75.  See  also  Glucose. 
cane-,  85 

fruit,  84.  See  also  Levitlose. 
malt,  85 
milk,  85 
Sulphates,  70 

comparative  test  for,  70,  163 
estimation  of,  Purdy’s  centrif¬ 
ugal  method  for,  73 
gravimetric  determination  of,  71 
mineral  or  inorganic,  determina¬ 
tion  of.  71 

Purdy's  centrifugal  table  for,  72 
quantitative  estimation  of,  163 
Sulphosalicylic  acid  test  for  albu¬ 
min,  90 
solution,  182 
Sulphur,  tlowers  of,  182 
sublimed,  for  test,  182 
Sulphuric  acid  (50  per  cent.)  for 
tests,  182 
test  solution,  182 
volumetric  solution,  tenth- 
normal,  183 

Tartrate  test  solution,  alkaline, 
Fehling’s,  176 
'faurocholic  acitl,  112 
'Penth-normal  oxalic  acid  volu¬ 
metric  solution,  182 
potassium  h3’droxid  volumetric 
solution,  182 

sulphuric  acid  volumetric  solu¬ 
tion,  183 

Test,  bail’s  orcinol,  for  detection  of 
pentoses,  86 

benedict’s,  for  glucose,  1()4 
{|ualilati\’e,  for  glucose,  77 
benzidin,  for  blood,  115 
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Test,  Hiittingcr’s,  for  jilucosc,  78 
comparative,  for  alkaline  earth 
phosphates,  67 
phosphates,  68,  162 
for  chlorids,  (>4,  161  • 
for  earthy  phos]4iates,  162 
for  sul[)hates,  70,  168 
for  uric  acid,  ,S1 
for  urobilin,  60 

confirmative,  for  diacetic  acid, 
105 

Esbach's,  for  cpiantitative  esti¬ 
mation  of  albumin,  166 
Fehling’s,  for  glucose,  78 
Folin-McKllroy’s,  for  glucose,  78, 
164 

Folin’s,  for  indican,  98 

qualitative,  for  diacetic  acid, 
105 

for  acetone,  102 
for  bcta-oxybutyric  acid,  170 
(Icrhardt’s,  for  diacetic  acid,  104 
(jmelin’s,  for  bile,  167 

modification  of.  111,  167 
guaiac,  for  blood,  115 
(lunning’s  iodoform,  for  acetone, 
169 

Haines’  improved,  for  glucose,  79 
Ilammerstein’s,  for  bile,  111 
Hay’s,  for  bile  acids,  112,  168 
heat,  for  detection  of  albumin. 
88,  166 

Hi'ller’s,  for  detection  of  albumin 
89,  166 

iodin,  for  bile.  111,  167 
iodoform,  for  acetone,  (lunning's 
modillcation  of,  105 
Jafhfs,  for  indican,  99 
Lee  and  X’ogel’s,  for  mercury,  121 
Legal’s,  for  acetone,  10-1,  169 
murexid,  for  uric  acid  and  urates, 
50 


Test,  Xakayama’s,  for  bile,  112 
nitric  acid  contact,  for  albumin, 
89 

nitroprussid,  for  acetone,  104 
Xylander’s,  for  glucose,  79,  165 
Obermeyer’s,  for  indican,  99,  160 
modification  of,  for  bile,  112 
jihenylhydrazin,  for  glucose,  79 
phosjihotungstic  acid,  for  uric 
acid,  50 

potassium  ferrocyanid,  for  albu¬ 
min,  91 

Reinsch’s,  for  detection  of  ar¬ 
senic,  122 

Rothera’s,  for  acetone,  105,  168 
Ruhemann’s,  for  uric  acid,  159 
Selivanoff’s,  for  detection  of 
levulose,  84 
solution,  guaiac,  177 
solutions,  175 
acetic  acid,  175 

(50  per  cent.),  175 
(99  per  cent.),  175 
alcohol  (95  per  cent.),  175 
alkaline  tartrate,  Fehling’s, 
176 

ammonium  hydro.xid,  175 
molybdate,  175 
oxalate,  174 
suli)hate,  174 

su  1  phocyana  t  e  vol  u  met  ric, 

174 

Bail’s  orcinol,  1 75 
barium  chlorid,  175 
Benedict’s  (lualitative  sugar 
solution,  1  75 

(|uantitative  sugar  solution, 

1 75 

beiizidin,  175 
boric  acid,  175 
calcium  chlorid,  175 
hydro.xid,  176 
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Test  solutions,  calcium  hypochlo¬ 
rite,  176 
chloroform,  176 
copper  sulphate,  176 
Eehling’s,  176 
(20  per  cent.),  176 
Fehling's  alkaline  tartrate,  176 
copper  sulphate,  176 
ferric  ammonium  sulphate,  177 
Folin-McEllroy,  for  sugar,  177 
Fplin’s  phosphotungstic  acid, 
177 

for  albumin,  Tsuchiya’s,  183 
for  chlorids,  silver  nitrate,  180 
for  glucose,  Haine’s,  177 
for  sugar,  Folin-lMcEllroy,  177 
for  urea,  sodium  hypobromite, 
181 

formaldehyd,  177 
guaiac,  177 

Ilaine’s,  for  glucose,  177 
hydrochloric  acid  25  per  cent., 
177 

hydrogen  sulphid,  177 
iodin,  Ruhemann’s,  180 
lead  acetate,  178 
magnesia  mixture,  178 
Nakayama’s,  178 
Nessler’s,  178 
neutral  ferric  cMorid,  178 
nitric  acid,  179 
Nylander’s,  179 
Obermeyer’s,  179 
orcinol.  Rail’s,  175 
phenolphthalein,  179 
yihe  n  }'l  1 1  yd  razi  n  h  yd  roc  h  lo  rid , 
179 

{)hosplu)lungstic  acid,  I'olin’s, 
177 

picric  acid,  179 
])latinum  chlorid,  179 
j)otassium  acid  sulphate,  179 


Test  solutions,  potassium  carbo¬ 
nate,  179 
chlorate,  179 
chlorid,  179 
cobaltic  nitrate,  179 
dichromate,  180 
ferrocyanid,  180 
hydroxid,  180 
iodid,  180 
o.xalate,  180 
Ruhemann’s  iodin,  180 
Selivanoff’s,  180 
silver  nitrate,  for  chlorids,  180 
sodium  acetate,  181 
acid  phosphate,  181 
hydroxid,  181 
stronger,  181 

hypobromite,  for  urea,  181 
nitroprussid,  182 
phosphate,  182 
sodium-cobaltic  nitrate,  181 
sublimed  sulphur,  182 
sulphosalicyllc  acid,  182 
sulphuric  acid,  182 
Tsuchij-a’s,  for  albumin,  183 
uranium  acetate,  183 
sul[)hosalicylic  acid,  for  albumin, 
90 

Trommer’s,  for  detection  of  glu¬ 
cose,  76 

Vogel  and  Lee’s,  for  mercury,  121 
Thorn  a[)ple  crystals,  147 
Thymol  as  preser\  alivc,  26 
crystals  for  tests,  183 
d’issuc  debris  in  urinar>'  sediments, 
142 

Total  solids  in  urine,  38 
calculation  of,  157 
Tri-oxy-i)urin,  48 
'rrilde-phosphate  crystals,  144 
'rrommer’s  test  for  detection  of 
glucose,  76 
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'rsucliiya’s  quantitative  estimation 
of  albumin,  9.? 
reagent,  93 

test  solution  for  albumin,  183 
'I'ubes,  centrifuge,  125 
Tubule,  distal,  19 
kidney,  20 
proximal,  19 
Tubules,  uriniferous,  19 
Typhoid  fever,  152 
Tyrosin,  113 
ciystals,  150 

in  urinary  sediments,  150 

I'xoKGAXiZKD  Urinary  sediments, 
144 

Uranium  acetate  test  solution, 
183 

nitrate  volumetric  solution,  183 
Urates,  amorphous,  with  uric-acid 
crystals,  145 

and  uric  acid,  murexid  test  for, 
50 

in  urinary  sediments,  146 
Urea,  18,  27,  40 
characteristics  of,  42 
daily  elimination  of,  conditions 
decreasing,  43 
increasing,  42 
decomposition  of,  42 
determination  of,  43 
estimation  of,  by  arlco-urease 
method,  47 
formation  of,  40 

hypobromile  method  for  approxi¬ 
mate  estimation  of,  157 
in  blood,  41 

quantitative  estimation  of,  4.1 
by  hypobromite  method,  4.1 
technic,  44 

urease  method  for  estimation  of, 
158 


Urease  method  for  estimation  of 
urea,  158 

preparation  of,  from  soy  bean, 
183 

Ureometcr,  Doremus,  and  pipet,  44 
Hind’s  moditication  of,  45 
jrrecautions  in  use  of,  46 
Urethral  filaments  in  urinary  sedi¬ 
ments,  141 
Urethrorrhea,  141 
Uric  acid,  48 

amount  excreted  in  twenty- 
four  hours,  49 

and  urates,  murexid  test  for,  50 
comparatice  test  for,  51 
determination  of,  Ruhemann’s 
method,  159 
diathesis,  50 

estimation  of,  Ruhemann’s  ap¬ 
proximate  method,  51 
free,  in  urine,  50 
gravimetric  determination  of, 
53 

in  urinary  sediments,  145 
phosphotungstic  acid  test  for, 
50 

purin  and  .xanthin,  relation¬ 
ship  of,  55 

Ruhemann’s  approximate  esti¬ 
mation  of,  51 

volumetric  determination  of, 
53 

Uric-acid  crystids,  49 

with  amorphous  urates,  145 
Uricometcr,  Ruhemann’s,  52 
L'rinary  cah  uli,  1 16 
comjiound,  116 

constituents  of,  separation  and 
identilieation  of,  1 18 
method  of  analysis,  116 
[ireliminary  examination,  116 
simple,  116 
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Urinary  constituents  eliminated  in 
twenty-four  hours,  28 
sediments,  ammonium  magne¬ 
sium  phosphate  in,  144 
bilirubin  in,  152 
blood-corpuscles  in,  139 
brick-dust,  145 
calcium  oxalate  in,  147 
{)hosphates  in,  148 
casts  in,  129 
shape  of,  130 
where  formed,  129 
caudate  epithelial  cells  in,  138 
classification  of,  129 
considerable,  35 
cylindroids  in,  133 
cystin  in,  148,  149 
epithelial  cells  in,  135 
erythrocytes  in,  139 
fibrin  in,  142 

foreign  substances  due  to  con¬ 
tamination  in,  143 
hematoidin  in,  152 
hi[ipuric  acid  in,  151 
large  ilat  epithelial  cells  in,  136 
Icucin  in,  150 
leukocytes  in,  138 
micro-organisms  in,  142 
microscopic  chemical,  144 
examination  of,  123 
technic,  125 
organized,  129 
unorganized,  144 
much,  34 
mucin  in,  133 
jiclvic  e[)ithelium  in,  135 
plant  spores  in,  140 
])reparation  of,  for  microscoiiic 
examination,  124 
[uis  in,  124,  138,  139 
renal  epithelium  in,  134 
round  epithelial  cells  in,  136 


Urinary  sediments,  slight,  34 
spermatozoa  in,  139,  140 
tissue  debris  in,  142 
tyrosin  in,  150 
unorganized,  144 
urates  in,  146 
urethral  filaments  in,  141 
uric  acid  in,  145 
very  slight,  34 

Urine,  acidity  of,  accurate  deter¬ 
mination  of,  36 
total,  determination  of,  171 
amount  excreted  in  twenty-four 
hours,  29 

voided,  temporary  diminish- 
ment  in,  30 
increase  in,  causes,  30 
analysis  of,  in  diagnosis  of  dis¬ 
ease,  22 
report  form,  23 

appearance  of,  observation  of,  34 
black,  32 

chemical  characteristics  of,  -10, 
74,  157 
color  of,  31 

abnormal,  causes,  32 
Vogel’s  classification  of,  33 
constituents  of,  abnormal,  74 
dark  yellow  to  brownish-red,  32 
excretion  of,  17 
fresh,  34 

greenish-yellow  to  blue,  33 
high  color  of,  32 
inorganic  substances  in,  73 
laboratory  directions  for  chem¬ 
ical  examination,  152 
microscopic  constituents  of,  123 
general  considerations,  123 
milky,  33 
normal,  color,  31 
constituents  of,  27 
inorganic  constituents  of,  63 
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Urine,  normal,  organic  const iluents 
of,  40 

not  fresh,  .i4 

observation  of  appearance  of,  .U 
odor  of, 

pale,  dl  , 

peculiar  odor  of,  34 

physical  characteristics  of,  29, 

156 

amount,  156 

calculation  of  total  solids  in, 

157 

color.  156 
odor,  156 
reaction  of,  156 
sefliment  of,  156 
specific  gravity  of,  157 
pigments  in,  normal,  59 
preparation  of,  for  acetone  test, 
102 

reaction  of,  35 
acid,  35 
alkaline,  35 
amphoteric,  35 
neutral,  35 

technic  for  determining,  55 
red.  32 

retention  of,  31 
secretion  of,  17 

sediment  of,  34 .  See  also  Urinary 
srdi  moils. 
smoky,  32 

specific  gravity  of,  36 

technic  for  determining,  37 
total  solids  in,  38 

calculation  of,  157 
Vogel’s  classification  of  color  of, 
33 

yellow  or  orange,  32 
Uriniferous  tubules,  19 
L’rinometi'r,  37 
Urinometer-glass,  37 

f  t-» 


Urobilin,  59,  60,  110 
detection  of  and  comparative 
test  for,  60 

Urochrome,  59,  60 

Uro-erythrin,  59,  60 

V.w  Slyke-Fitz  method  for  deter¬ 
mination  of  beta-hydroxybutyric 
acid,  iliacetic  acid,  and  acetone, 
107 

\’ogel  and  Lee’s  method  for  detec¬ 
tion  of  mercury,  121 

Vogel’s  classification  of  colors  of 
urine,  33 

Volhard’s  method  for  voluinetric 
estimation  of  chlorids,  modi¬ 
fication  of,  64 

Volumetric  determination  of  am¬ 
monia  61,  170 
of  phosjihates,  68 
of  uric  acid,  53 
estimation  of  chlorids,  64 
technic,  65 

solution,  silver  nitrate,  181 
tenth-normal  oxalic  acid,  182 
potassium  hydroxid,  182 
sulphuric  acid,  183 
uranium  nitrate,  183 

\V.\TEK-P()\VER  centrifuge,  126 

Waxy  casts,  130,  132 
kidney,  152 

Weights,  atomic,  of  elements  in 
common  use,  184 

Westiihal  balance,  38 

X.wriiix  bases,  54 
endogenous,  .54 
exogenous,  54 

purin,  and  uric  acid,  relationship 
of,  55 

Yeislow  atrophy  of  li\er,  151 
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